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SECTION I 

CHEMISTRY 




Ellababab 

IHnipetsitip Stubies 


VOL. iX 1 932 No. 9 


COLOUR IN RELATION TO CHEMICAL 
CONSTITUTION OF DYES DERIVED FROM 
HETERO-CYCLIC NITROGEN CONTAINING 
DIBASIC ACIDS 

BY 

JAMUNA DATT TBWARI, 

Ohemical Laboratory, University of Allahabad 

In tile arrangement of groups given by Dutt (J» 0. S., 
1927, 4, 99) in order of increasing absorptive power, C : N 
group has been shown to be more absorptive than 0 : C 
group. Table I shows a eomparison of the absorption 
spectra of a few of the homocyolic as well as the 
corresponding hetero-cyclic-nitrogen containing compounds. 
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Table I 


Name 

Absorption Spectra 

Benzene 

... 2490 

Pyridine ... 

... 2530 

Toluene 

... 2500 

Picoline 

... 2580 

m-Xylene ... 

... 2530 

1 : 3 Lutidene 

... 2770 

Mesitylene ... ... 

... 2570 

Collidene ... 

... 2830 

Naphtlialene ... 

... 2760 

Quinoline ... 

... 2930 

Anthracene 

... 2950 

Acridine ... 

... 3300 

A study of the above table 

shows that whenever 


there is a nitrogen atom in a ring system within a molecule 
the compound is invariably more coloured than the corre- 
sponding homooyclic compound containing carbon in place 
of nitrogen. Hence it was thought that a study of the 
dyes derived from heterocyclic dibasic acids together with 
the dyes obtained from corresponding carbo-cyciic acids 
would be of great interest from the point of colour in relation 
to chemical constitution. The dyes obtained from the 
following four groups of acids have been chosen for the 
study : (l) Quinolinic, Ginchomeronic and Phthalic acids. 

(2) Phenylpyridinedicarboxylic acid and diphenic acid. 

(3) Quinoline 1:2:3 tricarboxylic acid and naphthalic acid. 

(4) Imidazoledicarboxylio acid and triazoledicarboxylic acid. 

It has been found that dyes derived from Quinolinic (G-hosh, 
J. 0. S., 1919, 1102) and Ginchomeronic (Tewari, 

J, G. S., 1929, 155, 1642) anhydrides are slightly more 
absorptive than the corresponding dye-stuffs derived 
from phthalic anhydride. Though, of course, the brilliance 



and GOYering po^Ye^ of the latter are undoubtedly greater. 
This will be apparent by having a look at Table No. Ill 
given on page 6. Similarly, it has been found that dyes 
derived from Sa phenylpyridinedicarboxylic acid (Tew^ari 
and Dutt, Jour. Ind. Chem. Soc., 1926, 5, 161) are 
more coloured than the corresponding dyes obtained 
from diphenic acid (Dutt, J. 0. S., 1923, 123^ 225) and also 
dyes derived from quinoline 1 : 2 : 3 tricarboxylic acid 
(Tewari and Dutt, Jour. Ind. Ghem. Soc., 1928, 5, 59) are 
more coloured than the corresponding dyes derived from 
naphthalic acid (Terrisse. Annalen, 1885, 227, 133) [vide 
Table No. IV]. Several dye-stuffs have also been prepared 
from triazoledicarboxylic acid and compared with the corre- 
sponding dyes derived from imidazoledicarboxylic acid 
(Tewari and Dutt, Jour. Ind. Chem. Soc., 1927, 4, 26). 
Triazoledicarboxylic acid is a substitution product of 
imidazoledicarboxylic acid in which one of the carbon atoms 
of the ring has been replaced by a nitrogen atom. Triazoledi- 
carboxylic acid was prepared as follows : 

Preparation of orthonitroacetanilide . — This compound 
was prepared according to directions given in J. B, Cohen’s 
Practical Organic Chemistry, pages 11 1-1% 

Reduction of o-nitroacetanilide . — 'Aluminium amalgam 
was added to solution of o-nitroacetanilide in moist ether 
until the yellow colour of the solution was discharged. Owing 
to its insolubility in ether acetyl-o-phenyleuediamine separated 
out from the solution along with aluminium hydroxide, from 
which it -was extracted by means of boiling benzene. 
It crystallises from benzene in small lustrous plates 
(M. P. 132°). . 

On addition of the calculated amount of sodium nitrite 
to a solution of this compound in hydrochloric acid an 
immediate precipitate of acetyl— 1 : 2 : 3 — benztriazole was 
produced, which "was crystallised from alcohol in compact 
needles (M.P. 51°). Acetyl— 1 : 2 : 3— benztriazole was 
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hydrolysed with extreme ease to give 1 : 2:3 benztriazole. 

(M. E 98°). 

GOCH3 

O NHCOCHq,,, .... 

I ^4 T N ^ i N 

NOo \/NH2 

1:2:3 benztriazole was oxidised with boiling alkaline 
potassium permanganate. The solution after filtering off the 
precipitated manganese dioxide was made neutral by the addi- 
tion of sulphuric acid. It was then concentrated to a small 
volume when some of the potassium sulphate got crystallised 
out which was filtered off. The solution was then acidified 
with hydrochloric acid. The triazoledicarboxylic acid 
got precipitated. The yield obtained by this method was 
very poor. So the following method given by Ohakar- 
varti and Butt (Jour. Ind. Chem. Soc., 1928, 5, 557) was 
utilised for the preparation of the acid which gave a good 
yield. 2 — (4 '—hydroxy phenyl) — 1 : 2 : 3 benztriazole 



was prepared by reducing 0-nitrobenzeneazophenol by 
alcoholic ammonium sulphide. It was obtained in 
colourless silky needles by crystallisation from alcohol. 
(M. E 231°) 

Oxidation of 2 — (4' — hydroxyphemjl) 1:2:3 benztria- 
zole. Tive grams of the above substance were dissolved 
in the requisite quantity of dilute sodium hydroxide and 
treated with a 5 per cent solution of potassium permanganate 
in the cold until the latter was no longer decolourised. The 
precipitated manganese dioxide was filtered off* and the 
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filtrate was evaporated to a small volume after neutralisa- 
tion with dilute sulphuric acid. The liquid was then 
rendered strongly acidic with dilute sulphuric add ^?heIl a 
crystalline precipitate was obtained, which was triazoledicar- 
boxylic acid. It melted with vigorous decoin position at 
200°. It was soluble in water and acetic acid, completely 
insoluble in acetone, ether, alcohol, iigroin and benzene. 
In comparing the two series of dye-stuffs, thus obtained, 
it is found that dyes derived from triazoledicarboxylic acid 
are invariably more absorptive than the corresponding dyes 
derived from imidazoledicarboxylic acid as the Table No. V 
on page 7 will show. 

The following compounds have been condensed with 
triazoledicarboxylic acid and the corresponding dye-stufis 
obtained : phenol, resorcinol, phloroglucinol, metadiethyl- 
amidophenol, and metaphenylenediamine. The preparation 
and purification of phenol, resorcinol, and phloroglucinol 
compounds were done just in the same way as in the case 
of imidazoledicarboxylic acid (Tewari and Dutt, Jour. Ind- 
Chem. Soc., 1937, 4, 201). The condensation, isolation and 
purification of metadiethylamidophenol and metaphenyl- 
enediamine compounds were done exactly in the same way as 
in the case of the corresponding compounds of cinchomeronic 
acid (Tewari, J. C. S., 1929, 135 , 1842). The only difference 
was in the preparation of the diamine compound, which 
wms done over an oil bath at temperature between 180°— 200°, 
until the melt was dark-red in colour and became quite hard 
and brittle on cooling. 

The properties of these are summarised in the form of a 
table (TabieNo.il). 
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Table II 


Name. i 

Appearance. 

M. P. 

Oolour in Alkali. 

. p 
o 
'o 

a 

Colour of Fluor- 
escence. 

Analysis (Theore- 
tical value in 
brackets). 

Phenol-triazo- 

maleein 

0 ra nge- 
yellow 

Does hot 
melt up 
to 276° 

Pink-red 

... 


N = 13-7% 
(13-59%) 

ReBorcinol-tri- 

azomaleein 

0 r ange- | 
rod crys- 
tals 

273° -276° 

Orange- 

red 


Bright- 

green. 

N = 13-4% 

(13 0%) 

Phloroglucinol 

trlozomaleein 

Brown 

crystals 

Does not 
melt up 
to 276° 

Dark-red 



N = i2-0% 
(11-8%) 

Metad iethyla- 1 

midophenol- 

triazomaleeiii 

Reddish- ! 
violet 
crystals 

192° -194° 


Brig li t- 
p i n k 
colour 

Brown. 

N=18 86% 
(18-1 %) 

Mefcapheiiy- 
lenediamine- 
triazomaleein ' 

iB r 0 w n 
crystals 

Does not 
melt up 
to 275° 


Red 

Green in 
alcohol 

N=26'6% 

(26’2%) 


Table III 


Compound obtained 
from — , and 

1 Phthalio Acid. 

Quinolinic acid. 

Oinchomeronio 

Acid. 

Phenol 

5640 

6560 

6620 

Resorcinol 

i 4940 

4960 

4950 

Phloroglucinol ... 

4980 

4990 

4980 

Metadiethylamido- i 
phenol ... j 

6540 1 

6540 

6640 


Table IV 


Oompound derived I 
from — * and 

Diphenic 

acid. 

jS-phenylpyridi- i 
nedioarboxylic i 
acid. 1 

Naphthalic 

acid. 

Quinoline 
1:2: 3 tri- 
carboxylic 
acid. 

Resorcinol 

4170 

4650 

4430 

4900 

Phloroglucinol ... 

4220^. 

4710 1 

1 1 4480 „ , 

4930 

Metadiethylamid o- 
phenol 

4990 

6070 

(I 

8540 
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Table V 


OompoTind derived 
from™, and 

Imi d azoledicarboxylio 
acid. 

TriaBoledioarboxylic acid. 

Phenol ... ■ ... 

5510 

1 5630 

Resorcinol ... ... 1 

4960 

4970 

Phloroglucinol ... j 

4970 

I 4980 

Metadiethylamidophenol ' 

Gould not be obtained in. 
pure state. 

j 6660 

1 


The figures in Tables Nos. I, III, lY, Y, denote 
absorption maxima in approximate wayelengths. 

My thanks are due to Dr. S. Dutt for the interest which 
he took in this work. 






PHOTONITRIFICATION IN SOIL 


BY 

A. K. BHATTAOHARYA, D.Sc. 

Ohemical Lahoratories^ Unw&7^sify of Allahabad. 

In preYious publications* from these laboratories a new 
view on the process of nitrification in soil lias been advanced 
and supported by experiments. It has been shown that the 
process of nitrification in soil is mainly due to the oxidation 
of ammonium salts to nitrite by air in presence of sunligiit. 
In other words, according- to our view, nitrification in 
the soil especially in the tropics, is more photochemical in 
nature than bacterial. 

In this paper, we are submitting the results of our ex- 
periments on nitrification in soil ^ effected by sunlight. The 
experiments were carried on as follows : 

Soil was collected from the grass land from a particular 
spot in the laboratory compound digging a hole nine inches 
deep. The soil was crushed, passed through a sieve 
with one-millimeter bore, and was air-dried at 30®. Two 
thousand grams of this soil were mixed with 20 gms. of 
the ammonium salts and 750 c.c. water. The whole mixture 
wms kept in both earthen and large glass jars having a 
capacity 4000 c.c. and exposed to sunlight. Water was 
daily added in order to make up for the water lost by 
evaporation. The vessels were weighed every week to test 
for the constancy in weight. The soil was well stirred 
every morning before exposure. Blank experiments were 
also carried on in the dark by covering the glass jars with 
a thick layer of black japan enamel and the earthen pots 
wmre covered with a tin lid blackened by black japan. For 
the experiments in the dark, these vessels v/ere also placed 

* J. Ind- Ohem, Soo., 5, 1932. 

Soil Science, 379, 1931. 
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in the sun to have the same teniperature as those exposed in 
the sun. 50 gros. of the soil were taken out after the ex- 
posure was completed and the ammonia was estimated by 
adding potassium hydroxide to the soil and distilling the 
liberated ammonia, which was absorbed by a standard solu- 
tion of vsulphiiric acid. At the end of the experiment, this 
sulphuric acid was titrated against the standard solution 
of caustic potash and thus the amount of ammonia absorbed 
by sulphuric acid was found. Then another 50 gms. of the 
soil were taken and treated with Devarda’a alloy for 
estimating the ammonium salt and the nitrites and nitrates# 
The following results were obtained with, soil and 
ammonium salts exposed in earthen vessels for 160 hours. 

Table I 



No. 

Oondition 

Amount of 
salt added 

Unchanged 
amount of 
salt 

Amount o.f 
oxidised 
salt 

Percentage 

oxidised 

j 

1 

Sunlight 

20 gms. 
ammonium 
chloride 

13 gms. 
ammonium 
chloride 

6*7 gras, 
ammonium 
chloride 

33*6 

'j 


Dark ... 

20 gms. 
ammonium 
chloride 

18‘7 gms. 
ammonmm 
chloride 

rS gins, 
ammonium 
chloride 

6*6 


3 

Sunlight 

20 gms. 
ammonium 
chloride to 
heated soil 

15‘5 gms. 
ammonium 
chloride 

4'4 gms. 
ammonium 
chloride 

22*0 


4 

Sunlight 

20 gms. 
ammonium 
sulphate 

lS'76 gms. 1 
ammonium 
sulphate 

1‘2 gms. 

1 ammonium 
i sulphate 

6;o 

1 

; ■ : 5 


20 gms. 
ammonium 
sulphate 

20 gms. 
ammonium 
sulphate 

nil 

nil 

6 

Sunlight 

20 gms, 
ammoniTim 
phosphate 

16*6 gms. 

1 ammonium 
phosphate 

, 8*3 '.'gms. ■■■■".", ■ ' 

ammonium , 
phosphate 1 

16*6 


7 

■Dark' ... 

20 gms. 
ammonium i 
phosphate j 

20 gms. i 

ammonium i 
. phosphate j 

nil'' 

nil 





PHOTONITRIFIGATION IN SOIL 11 

These experiments carried on in earthen pots were not 
very satisfactory because the pots being porous a good deal 
of the ammonium salts percolated and came out on the 
outer sui'face of tlie pots. 

The following results were obtained in glass Yessels 
after 160 hours’ exposure to sunlight with loose 

covers:.' 


Table II 


No. 

1 

Condition | 

Amount of 
Balt added 

Unchanged 
amount of 
salt 

1 Amount of 
j oxidised 

salt 

Percentage 

oxidised. 

1 

Sunlight 

20 gmB. 
ammonium 
chloride 

18'64 gms. 
ammonium 
chloride 

r33 gms. 
ammonium 
chloride j 

6*66 

2 

Sunlight 

20 gma. 
ammonium 
phosphate 

17'64 gms. 
ammonium 
phosphate 

■ 2'44 gma, 
ammonium 1 
phosphate ' 

12*2 

8 

Dark 

20 gma. 
ammonium 
phosphate 

19'8 gma. 
ammonium 
phosphate 

0‘2 gm. 
ammonium 
phosphate 

ro 

4 

Sunlight 

20 gma, 
ammonium 
sulphate 

l9’6 gms. 
ammonium 
sulphate 

0‘3 gm. j 

ammonium 1 
sulphate i 

1-5 


Dark 

20 gms. 
ammonium 
sulphate 

1 

20 gms. 
ammonium 
sulphate 

nil 

nil 


As the percentage of oxidation was not high after 160 
hours exposure, the vessels were again exposed to sunlight 
for a much longer period. The resnlts tabulated on page 2 
were obtained after a total exposure to sunlight for 700 
hours in the months of May, June, and July. 





12 


THE ALLAHABAD UNIVERSITY STUDIES 


Taele U I 


No. 

Oouditioii 

Amount of 
salt added 

Unchanged 
amount of 
salt 

Amount of 
oxidised 
salt 

Percentage 

oxidised 

1 

Sunlighli 

20 gms. 
ammonium 
chloride 

3‘6 gms. 
ammonium 
chloride 

15‘25 gms. 
ammonium 
chloride 

; 801 

2 

Dark 

20 gms. 
ammonium 
i chloride 

17'26 gms. 
ammonium 
chloride 

0'86 gm. 
ammonium 
chloride 

4-8 

S 

Sunlight 

j 20 gma. 

! ammonium 
' sulphate 

17‘25 gms. 
ammonium 
sulphate 

2 "62 gms. 
ammonium 
sulphate 

13‘2 

4 

Dark 

30 gms. 

! ammonium 
sulphate 

20 gms. 
ammonium 
sulphate 

nil 

nil 

5 

Sunlight 

1 20 gms. 

j ammonium 
' phosphate 

2 gms. 
ammonium 
phosphate 

16’6 gms. 
ammonium 
phosphate 

89'0 

6 

Dark 

i 20 gms. 

j ammonium 
phosphate 

18'6 gms. 
ammonium 
phosphate 

0'26 gm. 
ammonium 
phosphate j 

1*4 

7 

■ 

J 

Sunlight 

1 

1 10 gms. 

j ammonium 

I phosphate 
i to heated 
i soil 

1 "38 gms. 
ammonium 
phosphate 

8 '87 gma. 
ammonium 
phosphate 

86*8 


The foregoing results show conclusiyely that on exposing 
the ammonium salt solutions to light in contact with the 
soil, an appreciable amount of the salts are photocbemically 
oxidised in air after an exposure for 160 hours but the 
oxidation is greatly increased after 700 hours exposure as 
shown in Table III. Ammonium phosphate undergoes 
oxidation to a greater extent than the other ammonium salts 
under similar conditions- The oxidation in the vessels kept 
in the dark under identical conditions is very small and in 
some cases negligible. 

If nitrification is mainly bacterial as is generally believed 
to be, the ammonium salts in the vessels kept in the dark 
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should have undergone appreciable oxidation. But the 
results show that the dark oxidation is exceedingly small 
in comparison with the photochemical oxidation. Moreover, 
even with tlm sterilised (by beating for 48 hours at 150° C) 
soil amnioninin phosphate undergoes considerable oxidation 
in presence of sunlight. The oxidation of ammonium phos- 
phate in presence of sunlight is practically the same in the 
sterilised as well as in the unsterilised soils. It therefore 
appears that nitrification especially in tropical countries is 
more a photochemical than a bacterial process. 

We have carried on similar experiments with urea. 
10 gms. of urea were mixed with 1,000 gms. of the same soil 
and one glass jar was exposed to sunlight for 540 hours 
under the same conditions as in the case of ammonium salts. 
The following results have been obtained : 

Table IV 


Amount of urea added 

Amount of unchanged 
ammonia 

Amount of oxidised 
ammonia 

10 gms, 

4’7 gms. 

0'7 gm. 


Hence percentage of ammonification is 54 and the 
percentage of its subsequent oxidation to nitrites is 15. 

From our experiments, it appears that ammonification 
is also markedly photochemical in nature. We have been 
able to convert several nitrogenous compounds into ammonia 
by exposing the solutions of these compounds to light. Hence 
it appears to us that in the soil the ammonification of nitroge- 
nous compounds and the subsequent oxidation of ammonium 
salts to nitrites are markedly accelerated by light and the 
process of soil nitrification is more of photochemical than of 
bacterial origin. 

Further experiments on this line on sterilised and 
unsterilised soils are in. progress. 







THE CONSTITUTION OP THE ACTIVE 
PRINCIPLE OF INDIAN RATI 
(SCARLET VARIETY) 

BY 

NAHHNDBANATH GHATAK, M.ac. 

Kanta Prasad Mesearch Scholar, Ghemistry Departmeni , 
University of AUahahad. 

Tile plant Rati or Ghungachi is mentioned by Susruta 
and the older Sanskrit writers, it must, therefore, haye long 
been in use as a medicine among the Hindus ; they describe 
two varieties, namely, red and white-seeded. Formerly, the 
root of the plant was considered to be a perfect substitute 
for liquorice, but experience has shown this to be erroneous. 
Sanskrit writers describe the root as emetic and useful in 
poisoning. Internally, the seeds are described as poisonous 
and useful in affections of the nervous system, and external- 
ly, in skin diseases, ulcers, affections of the hair, etc. The 
seeds reduced to a paste are recommended to be applied 
locally in sciatica, stiffness of the shoulder joint, paralysis, 
and other nervous diseases- In white leprosy, a paste com- 
posed of the seed and plumbago root is applied as a 
stimulant dressing. In alopecia a paste of the seed is 
recommended to be rubbed on the bare scalp. The seeds 
are used as a purgative, but in large doses are an acrid 
poison, giving rise to symptoms resembling those of cholera. 
The poisonous property is generally believed to be in the 
red covering of the seed. 
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The boiled seeds are said to possess powerful aphrodisia-c 
properties. The seeds reduced to a paste are used for eoii" 
tusions and to reduce indamniation. Dr. Burton Brown 
(Punjab poisons) recorded a case in which foidy seeds of 
Abrus (Rati), administered internally, caii.so<i purging and 
vomiting, with symptoms of collapse and suppression of 
urine ; tlie patient recovered under the use of stimulants. 

Rati or Jeqiiirity as it is known in English is a plant 
of the natural order Leguminosae. It is grown in India and 
other hot countries. It is a perennial twiner with numerous 
stems. Seeds from three to five are contained in pods which 
are from ll to If in. long and i in. wide, flat, oblong, 
truncate, with a sharp deflected beak, and finely silky. The 
seeds are usually bright scarlet, with a black spot on the top, 
highly polished as if covered with red lac. The average 
weight of the seed is 1*75 grains. There are three varieties 
of the seed— scarlet, white and black, but the findings of the 
present paper are on the scarlet one. The seeds are used 
in India by the goldsmiths as weight. 

Warden and Waddell (“' Non-bacillar nature of Abrus 
poison,” Calcutta, 1884) have given the name ‘ abriii’ to the 
poisonous principle of Jeqiiirity. They show^ed that ahrin 
was closely allied to plant albumin but did not enter into 
any details as to whether it consisted of one or more pro- 
teids. Martin (Proc. Roy. Soc., 1887, 331—34), after remov- 
ing the red cuticle of the seeds, proved the presence of 
two proteids — a globulin and an aibumose—in the kernels, 
lie classed the globulin to the group of vegetable para- 
globulins and the albumose to Kiihne and Chittenden’s 
deutero-albnmose. The albumose responded to the biuret 
reaction and was found identical with the a-phytalbumose 
of papaw-juice (Abs., 1886,642). In a later paper Martin 
(Brit. Med. J-, ^,1889, 184—87) established that the 
poisonous nature of the seeds is due to the two proteids 
only, ])r. Warden (Pharmacographia Tndica, 1890, Vol. I, 



CONSTITUTION OB’ THE ACTIVE PRINCIPLE OF INDIAN RATI 17 

p. 442) claims to have succeeded in isolating an acid from 
the seeds, which he named as ‘ abric acid ’ and represented 
it by the formula On H 24 Ns 0 ^. He also obtained a 
small quantity of pungent volatile oil. But he gives no 
details as to how abric acid was separated. 

Abrin (The Chemistry of Plant Products, by Haas and 
Hill, 1928, Vol. I, p. 371) has been suspected to have the 
same properties as ricin which occurs in Bicinus. Their 
toxic characters have been attributed partly to the presence 
of ptomaine bodies and largely to bacterial toxins, a class of 
substance related to albumoses. 

The above represents the work that has hitherto been 
done on the seeds of Rati. A systematic analysis of the 
seeds was, therefore, undertaken with a view to study the 
exact chemical nature of the poisonous constituents. 

The powdered yellow kernels of the seeds on extraction 
with petroleum ether were found to yield 5*5 per cent of a 
non-drying yellow oil which had a strong pungent smell. The 
oil-free kernels on extraction with alcohol and evaporation 
of major portion of the solvent yielded a thick brown liquid 
which on cooling slowly deposited colourless needles. This 
substance contained nitrogen and on recrystallisation from 
boiling water was obtained as snow-white slender needles 
melting at 295°C. and having a molecular formula 
C ]2 H 14 O 2 Ng. This substance has been named as ‘ abrine ’ 
by the present author. Warden (loc. cii) must have got 
this substance in an impure form which gave him a wrong 
analytical data and made him suspect the compound to 
be acidic in nature. 

Abrine is insoluble in all organic solvents excepting 
alcohol in which it is a little soluble. Neutral ferric chloride, 
lead acetate or sub -acetate has no eifeot on the substance. 
Phosphomolybdie acid produces a white precipitate which 
soon changes to yellov/ish green and finally to grey colour. 
Eardman’s and Prohed’s reagents give yellow coloration 
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with abrine. Grold chloride solution produces a yellowish tur™ 
bidity which darkens and in about a minute becomes violet, 
which, however, throws down a blue-black precipitate on 
addition of concentrated hydrochloric acid. Platinic chloride 
seems to have no effect on the substance in the cold, but on 
heating and allowing it to cool a brown gelatinous precipitate 
settles at the bottom. Abrine is non-respondent to the 
rest of the alkaloidal reagents. It dissolves readily in 
hydrochloric acid and on complete evaporation of the solvent 
long silky needles are obtained which quickly dissolve in 
water. This must, therefore, be the hydrochloride ol abrine. 
The hydrochloride gives all the reactions of the free base 
as described above, excepting that it has no reaction with 
gold and platinic chloride solutions. The hydrochloride, 
however, gives a white precipitate with phosphotungstic acid 
which turns brown in about five minutes. Abrine hydro- 
chloride dissolves readily in water and very soon gets 
decomposed with the precipitation of abrine. In dilute 
nitric acid abrine dissolves and on spontaneous evaporation 
of water needle-shaped crystals of abrine nitrate are formed. 
This substance is, however, quite stable in water. Abrine 
forms a mono-picrate both in acetic acid and alcohol solution. 
It also forms a dibromo compound in cold alcoholic solution 
of bromine. From the bromo-derivative it is evident that 
abrine contains one double-bond linkage between tw^'o carbon 
atoms. Prom the colour reactions and salt formations it can 
be said that abrine is semi-alkaloidal in character. It is 
tasteless when pure and therefore may be classed in the 
group of non-bitter alkaloids. 

The thick mother liquor left after the separation of 
abrine wLas diluted and clarified with lead acetate solution. 
The filtrate gave an yellow precipitate wdth basic lead acetate 
solution. The second lead salt on decomposition with 
sulphurated hydrogen in aqueous suspension and on com- 
plete evaporation of water gave an aoiorphous yellow 
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powder nieUing afc 105°O. and having a molecnlar formula 
Cl 3 Hi 4 Ot- This does not reduce Felding’s solution and 
Tollen’s reagent, but both are readily reduced if the com- 
pound is previously hydrolysed by warming with hydro- 
chloric acid. It does not produce any coloration or precipitate 
with the usual alkaloid reagents. The substance has an 
astringent and mild bitter taste and produces a dark colora- 
tion with neutral ferric chloride solution which turns red on 
dilution. This substance has been named as ‘ Abralin ’ by 
the present author. The physiological examinations of 
abrine and abralin are in progress and will be published 
afterwards. 

EXPERIMENTAL 

The scarlet variety of Rati seeds was obtained from 
the local market. The red seed-coat was removed by 
coarsely crushing the seed in a grinding machine. The outer 
coating constituted 30 per cent of the entire seed. The yellow 
kernels were very hard and were crushed to powder by 
means of a powerful crushing machine. 

50 gms. of the powdered kernel were freed from oil by 
petroleum ether in the cold and the oil-free powder on cold 
aqueous extraction gave a cloudy precipitate with, ethyl 
alcohol showing the presence of enzymes. The powder on 
completely burning left 2’5 per cent of a white residue 
(ash) which on qualitative analysis was found to contain 
iron, calcium, aluminium, silicon, magnesium, phosphate and 
sulphate. 

For complete analysis 1*5 kilograms of the crushed 
kernels were exhaustively extracted in a round bottom extrac- 
tion flask with 5 litres petroleum ether (B. P. 35 — 60'^C.), till 
a portion of the extract did not give any oily residue on 
evaporation of the solvent. From the petroleum ether 
extract 85 gms. of a yellowish brown non-drying oil was 
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obtained which had a pungent odour. The oil-iree powder 
was successively extracted with rectified spirit. The first few 
extracts were yellow in colour and after that colourless extracts 
were obtained which deposited white needles in small quaii' 
titles on evaporation of the solvent. The substance seemed 
to be very little soluble inaloohol and therefore the extraction 
was done about twenty times in order to recover the crystal- 
line product completely from the powder. The powder became 
almost colourless after the extractions. The total alcoholic 
extract was concentrated under reduced pressure when a 
brown syrup having white crystalline suspension was obtained.. 
The liquid, which had a disagreeable smell, was allowed to 
stand for about a week when the quantity of the crystalline 
product increased and settled at the bottom. It was filtered 
at the pump and the colourless residue was washed with 
water. The dried crude product, which weighed 13 gms., 
turned brown at 210°C. and completely melted at 247°C. 
This substance was moderately soluble in hot water from 
which snow-white needles were obtained melting at 295°0. 
This product contained nitrogen and was abrine. 

The mother liquor after the separation of abrine was 
diluted with water and on addition of lead acetate solution 
a thick yellow flocculent precipitate was obtained. The 
precipitate, which had a strong disagreeable odour was 
washed free of lead and decomposed with H 2 S. The yellow 
filtrate on complete evaporation of water gave a brown 
sticky substance from which no chemically pure substance 
could be isolated. 

The filtrate of the above lead saltwas yellow in colour 
and gave a bright yellow bulky precipitate with lead sub- 
acetate solution. The purified lead salt was decomposed 
by HgS in alcoholic suspension. The yellow filtrate was 
concentrated under reduced pressure and on complete eva- 
poration of the solvent an yellow deposit w^as obtained. It 
w^as non-crystalline in structure and melted at 105*^0., after 
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remainiDg in vacuum desiccator for two days. This sub- 
stance was ‘ abralin’. 

The oil on purification with Fuller’s earth and animal 
charcoal became lighter in colour. It did not contain 
nitrogen and sulphur and was tasteless. In a decimeter 
tube the oil rotated the plane of polarisation by -l-0'36°, 
thereby giving a dextro rotation of + 0*39. This 

small rotation must be due to the presence of sterols in the 
oil. The oil burnt with an absolutely iion-lurainous flame 
and gave the following constants : 


Moisture ... 

078% 

Specific gravity at 25'’0 

0‘9139 

Refractive index at25'’0 ... 

1*4662 

Acid Value 

2'44 

Saponification Value 

... 1917 

Hehner Value 

... 88'06 

Acetyl Value 

. Nil 

Iodine Value ... 

... 951 

Unsaponinable matter 

1*68 


Cl 2 iTi 4 O 2 iVa.— Abrine dissolved in con- 
centrated nitric acid with orange-red colour which became 
yellow on dilution. In strong sulphuric acid it dissolved 
with yellow colour. When very slowly crystallised from 
water about 1 cm. long star-shaped needles were obtained. 
[Found : C, 65'78 ; H, 6*46 ; N, 13*15 ; M. W. (cryoscopic in 
phenol), 221 .] 

Cl 2 Hi 4 O 2 Na requires G, 66‘08; H, 6‘42 ; N, 12*84; 
M. WC 218. 

Abralin : Ci 3 Hi 4 O 7 . — In concentrated sulphuric acid 
abralin dissolved with a yellow colour which slowly darkened 
and finally became deep red. On dilution the colour was 
discharged and an yellow flocculent precipitate separated, 
which was the agiucone of the glucoside. In strong nitric 
acid abralin dissolved with red colour, which became orange- 
yellow on dilution. It was optically active having a laevo 
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rotation of [a] d® = -- 21'^ in aqueous solution [Found : 
C, 54-98 : H, 5'29 ; M-W. (cryoscopic in phenol), 286, (decom- 
position of the lead salt), 281. C13H14O7 requires 

0, 55-32 ; H, 4*96 ; M. W., 282 ]. 

Abrine -piGraie : €12 Hu 0 2 Cq — 1 gm. 

of picric acid was dissolved in 30 c-c. alcohol and '5 gin. of 
abrine was added. On slight warming, abrine dissolved and 
the colour of the solution slowly darkened and finally became 
orange-red. It was then heated to boil and allowed to 
stand over night. Next morning orange-yellow crystalline 
plates in clusters were formed. The mother liquor was 
decanted off and the crystals were Avashed free of picric acid 
with dilute alcohol. The picrate weighed 0'9 gm. and melted 
at 194°0. with decomposition. It was quite stable in presence 
of water in which it was very little soluble, forming faint yellow 
solution. (Found N, 16’06^, 15*92^ ; Ois H17O9 N5 re- 
quires N, 16*66^). 

The picrate was also prepared in glacial acetic acid 
from which two different types of crystals were obtained — 
(1) orange-red needles in form of stars, and (2) very closely 
packed yellow soft needles. They were separated by 
mechanical means. Both melted at ,194°G. with decom- 
position and the nitrogen content was 15*96 per cent and 15’98 
per cent respectively. The orange-red variety changed colour 
and became perfectly yellow at 120°0. Thus all the three 
varieties Avere mono-picric acid salt of abrine having only 
different crystalline modifications. 

Dibromo abrine: 2 -FI14 O2 N'a Brs.— S gm. of 

abrine was put in a dry flask and alcoholic solution of 
bromine was added in the cold. The colour of bromine Avas 
discharged and abrine dissolved forming a light pink 
solution. Excess of bromine solution was added and Avas 
left for spontaneous evaporation at room temperature. After 
few days light yellow soft plates settled at the bottom and 
the mother liquor remained brown. Addition of Avater did 
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not separate the bromo deriyative. Some acetone was next 
added when the solid deposit became colourless and the 
brown mother liquor was decanted off. It was thus freed 
from bromine by two more washings with acetone. The 
product on drying was obtained as whitish micro-crystalline 
powder. It slowly started turning dark from 220°0. and 
melted between 241-42°C., with decomposition. (Found 
Br, i2‘l% ; Ci 2 Hi 4 O 2 H 2 Bra requires Br, 42*3 %.) 

The author wishes to express his indebtedness to Dr. 
S. Dutt for the kind interest he has taken in the work. 
His thanks are also due to the Kanta Prasad Research 
Trust of the Allahabad Uniyersity for a scholarship which 
enabled him to take part in the inyestigation. 
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1. TINOSPORA GOKDIFOLIA (MIBRS) 
Tinosporia Oordifolia, known as G-urach in Hindustani 
is a plant of the natural order Merisperraaceee. It is a 

well-known medicinal plant of long use in Hindu medicine. 
k glabrous, succulant, climbing shrub after reaching a great 
height and sending down long thread-like aerial roots. The 
bark is grey and creamy white. The branches bear smooth 
heart-shaped leaves and bunches of red berries. When 
dry, they shrink very much. The taste is very bitter, the 
odour not in any way peculiar. 

As regards its medicinal properties, it is con- 

sidered to be cold and dry by the Mohammedans. The 
fresh plant is said to be more efficient than the dry. It is 

taken with, milk in rheumatism, acidity of the urine and 

dyspepsia. Tinospora Oordifolia attracted the notice of 
Europeans in India and has been formerly spoken of by them 
as a, tonic, antiperiodic and diuretic. It is now an official 
in the Pharmacopoeia of India and is introduced in Europe as 
a specific medicine. The medicinal property of the plant is 
said to be due to the presence of berberine. It is a remediaJ 
medicinal agent in the chronic diarrhoea and some forms of 
chronic dysentery. It was prescribed by ancient Hindu 
physicians in gonorrhoea with advantage. It is also regarded 
by natives in certain parts of India as a specific for the 
bites of poisonous insects and venomous snakes. 
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Fiiickigei' in 1884 found the presence of berberine 
in small quantity in the stems by chloroform extraction of 
the calcified drug. The extracted mass was then boiled up 
with water and the filtrate gave a precipitate with tannic 
acid. The decomposition of the tannic acid salt gave a bitter 
principle which was ultimately proved to be a glucoside by 
hydrolysis with dilute sulphuric acid. Unfortunately, 
Fliickiger could not crystallise the glucoside. 

The above represents the work that has hitherto been 
done on this plant. The present work was, therefore, under- 
taken to throw some light on the constitution of tlie bitter 
principle. 

The presence of the alkaloid was definitely established 
by the colour reactions of the usual alkaloidal reagents with 
the acidified solution of the alcoholic extract of the plant. 
But the quantity of the precipitate and the intensity of colours 
indicated the presence of the alkaloid in very small quantity. 
All attepipts to isolate the alkaloid by different solvents 
proved unsuccessful. Alcohol extracted sufficient quantity 
of chlorophyll, sugar and traces of resins and waxes. The 
dilute hydrochloric acid extraction of the drug on neutraliza- 
tion with alkali precipitated ail inorganic traces. 

Aqueous extract of the plant gave precipitates with 
lead acetate and sub-acetate- But the decomposition of the 
precipitated lead salts wdth HgS and on complete evaporation 
of the filtrate gave sticky brown masses containing sufficient 
quantity of reducing sugars. Chloroform, however, extracted 
two solid products in small quantities which were tasteless 
and non-alkaloidal in character. 

Experimental 

About 500 gms. of the dried and powdered stem of 
Tinospora Cordifolia were repeatedly and exhaustively 
extracted with distilled water. The extract completely 
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evaporated to dryness on water-bath. A brownish black- 
coloured hygroscopic powder was obtained which had a bad 
sugary odour and a sharp bitter taste. The yield was about 
90 gms., he., 18 per cent of the dried plant. 

About 50 gras, of the dried and the powdered plant 
were extracted with cold dilute 1 per cent HOI for two days. 
The liquid was filtered and normal sodium carbonate solution 
was added in order to precipitate the alkaloid. A. white 
fiocculent precipitate was obtained which was proved to be 
purely inorganic and on analysis was found to contain 
calcium, sodium, nitrate, and traces of chloride. 

10 gms. of the water extract were mixed up witli 
2*5 gms. of slaked lime, moistened with water and dried in a 
desiccator for three days. This was then extracted with various 
solvents, — petroleum ether, chloroform, ether and alcohol, 
but none did give any alkaloid although each fraction 
answered all the reactions of alkaloids. 

5 gms. of the water extract were taken and dissolved 
in hot w^ater. The solution was then clarified with lead 
acetate. The lead salt was separated and the filtrate after 
removing the excess of lead was evaporated to dryness. A 
dilute HOI solution of this sticky mass gave all the coloured 
reactions of the alkaloids, but it could not be crystallised 
from any organic solvents. The lead salt was also 
decomposed by HgB and the filtrate evaporated to dryness 
also yielded sticky syrupy mass which could not be got as 
solid even after keeping it for several days in vacuum 
desiccator. 

About 5 gms. of the water extract were refluxed for 
three hours with chloroform and alcohol separately. The 
corresponding extracts on evaporation yielded brown sticky 
products but the definite alkaloid could not be isolated. 

The above attempts were made to isolate the alkaloid 
in free state but unfortunately no satisfactory results were 
obtained. But this is definitely ascertained, tiiat there is 
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present in minute traces some substance alkaloidal in nature 
which cannot be isolated in the free state by any of the 
standard methods. 

A few grams of the water extract were treated with 
ether and petroleum ether respectively, but on evaporation 
of the solvents no definite extract was obtained. 70 gms. of 
the solid water extract were refluxed several times witii 
chloroform and the fractions collected. The extract was 
greenish yellow in colour. Chloroform was evaporated off 
when a solid residue of a whitish yellow colour weighing 
about 4 gms. was obtained. The whole product was then 
treated with hot alcohol several times which dissolved some 
portion. The residue was again dissolved in chloroform and 
on purification with animal charcoal, solid white waxy plates 
were obtained. The alcohol soluble solid was also similarly 
treated. The two compounds weighed only about 0‘5 to 0*8 gm. 

{a} Alcohol soluble solid . — White cylindrical prisms, 
(M.P. 76 — 78 ‘^C.) contains no nitrogen or sulphur. Soluble in 
alcohol and other organic solvents hut insoluble in water ; 
does not answer to any of the alkaloidal reagents. Reduces 
Fehling’s solution on hydrolysis by dilute HOI ; appears to 
be of glucosidal nature. 

Q}) Chloroform soluble solid . — White flakes, waxy in 
nature. Insoluble in alcohol, crystalline tendency to 
hexagonal shape. Shrinks at about 150®C. but melts 
completely at 173 — 74®C. Contains no nitrogen, does not 
reduce Fehling’s solution even on hydrolysis. On combus- 
tion the results were (0 = 54*01%, H = 7’02%, 0 = 38*97%). 
Only one combustion could be done as the quantity of the 
substance was very small. 

The remaining residue was then exhaustively extracted 
with alcohol. The alcoholic extract was concentrated and 
dried over water-batli. The extract was of a reddish-brown 
colour, extremely hygroscopic and tasting exceedingly bitter. 
It contained a good amount of free sugars. Attempts were 
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made to remove the sugar by acetone. All the oi’d inary 
organic solvents were tried but no pure solid could be 
recovered. However, a solid stulff was obtained after keep- 
ing it in a vacuum dessicator, which weighed over 13 gins., 

17 per cent. But this too was extremely hygroscopic 
and could not be crystallised. An acetyl derivative of the 
substance w^as prepared but that too could not be got in a 
crystalline form. Both the alcoholic extract and the acetyl 
derivative reduced Fehling’s solution showing the presence 
of free sugars. One combustion was done which gave 
(0 = 57'8 5*31 %). 

2. SOLANUM XANTHOOARPUM 

This plant which is known as Bliatkataya in Hindustani 
is of importance in Hindu medicine since long. The plant 
is very wild in India. Root is at least biennial, stem none, 
leaves frequently in pairs, oblong, armed on both the sides 
with long, strong, straight spines, bright blue flowers, calyx 
armed with straight spines, berries spherical, size of a large 
gooseberry, very smooth, when ripe yellowish green in 
colour. 

The root is much esteemed as an expectorant and is 
used in cough, asthma, catarrhal fever, and pain in the 
chest. Kantakari, as it is known in Sanskrit, is used in 
medicine in various forms. The roots beaten up and mixed 
with wine are given to check vomiting. The juice of the 
berry is useful in sorethroat. It is also a good diuretic. 
According to Hr.Wilson (Calcutta, Medi. Phys., Trans., 406) 
the stems, flowers and fruits are bitter and carminative, 
and are prescribed in those forms of the burning of the feet 
wliich are attended with vesicular watery erruptione. In 
Bengal, the plant is much used as a diuretic and in dropsy. 
In the Punjab hills, the juice of the plant is administered with 
black pepper in rheumatism. A decoction of the plant is used 
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in gonorrhoea. It is also thought to promote conception in 
female. 

Regarding its chemical constitaents, the fruits were 
found to give alkaloidal reactions corresponding* to solaniue. 
The dried leaves gave 20*7 per cent ash, containing* a trace 
of an alkaloid and an astringent organic acid giving a green 
precipitate with ferric salts I Pharmacopoeia Indica, 553). 

The above represents the work that has hitherto been 
done on the plant. The present work was undertaken with 
a Anew to systematically analyse it. 

The dilute HCl extract answered to all the colour 
reactions of an alkaloid with the usual alkaloidal reagents. 
Alcoholic extract gave a beautiful crystalline solid which 
was suspected to be the alkaloid or the active principle and 
therefore, a good amount of the plant was analysed. This 
product was afterwards proved to be potassium nitrate. 

Experimental 

About 100 gms. of the dried plant was taken and well 
chopped into small pieces and made into as fine poAvder as 
was possible by mechanical beating. This was then filled 
up in big Soxhlet apparatus and extracted by different 
solvents in the following order; (1) petroleum ether, 
(2) chloroform, (3) ethyl acetate, (4) alcohol. 

Petroleum ether extract — (1*6 per cent) dark yelloAvish 
brown oily mass smelling of chlorophyll The dilute HCi 
solution of the extract was tested for the presence of 
alkaloid but the results were negative. 

Chloroform extract — (1*4 per cent) soft, greenish yelloAv 
Avaxy extract admixed Avith a little oily material. Properties 
similar to the above. 

Ethyl acetate extract. — (0*8 per cent) pale greenish 
waxy material. The dilute HOI extract gave a foAv tests 
for the presence of an alkaloid which, could not be definitely 



CHEMICAL EXAMINATION OF SOME INDIAN MEDICINAL PLANTS 31 

confirmed, nor anything pure could be isolated from the 
entire extract. 

Akoholic extract — (12 per cent) pale greenish sticky 
solid, reduced Fehling’s solutions very rapidly. Small por- 
tion was dissolved in dilute HCl and the solution answered 
to all the tests of alkaloids with the usual alkaloidal reagents. 
On dissolving the entire product in alcohol and after allowing 
it to stand for some time, beautiful white silky needles were 
separated which were filtered and reorystallised. The total 
yield of this crystalline product was 1*5 per cent. Very 
soluble in water. Does not melt at all. The combustion 
results showed only traces of carbon but contained nitrogen, 
it was then finally identified to be potassium nitrate. The 
alcoholic extract did not contain anything other than 
potassium nitrate and chlorophyll. 

Attempts were made to prepare the lead salt in water 
extract of the plant and to obtain some solid product from 
lead salt by the decomposition of it by H 2 S, but the lead 
salt on decomposition with HgS and subsequent evaporation 
of the liquor gave brown sticky syrupy mass which could 
not be crystallised. 

Examination of the ash . — A small portion of the dried and 
powdered plant was burnt in crucibles. The total ash amount- 
ed to 10’5 to 10*8 per cent. The soluble ash was about 8 per 
cent. The soluble portion was tested for inorganic radicals 
which, showed the presence of magnesium, calcium, potassium, 
traces of iron, nitrate, sulphate and traces of chloride. The 
insoluble portion was mainly silica and some alumina. 

Estimation of sugars , — About 50 gms. of the plant were 
boiled with distilled water exhaustively. The extract was 
clarified with lead acetate solution and the filtrate and 
washings were made to 1000 c-c. On titration with Pavy’s 
solution, it wms found to contain 1*6 per cent, of total 
reducing sugars on hydrolysis and 0*3 per cent without 
hydrolysis. 
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Enzymes— khmi 100 gms-of the plant (finely powdered) 
were taken in a flask to which some distilled water was 
added and kept for two to three days. After filtration alcohol 
wTis added, hie h precipitated a brownish coloured solid 
mass amounting to about 0’5 per cent. The plant, therefore, 
sho'svs the presence of some enzyme even when it is perfectly 
dried. 

The entire chemical examination of the plant did not 
give anything else which is interesting. It appears, that 
potassium nitrate which is present to the extent of about 
2 per cent in combination with the traces of alkaloid may 
be said to be the active principle, and the medicinal pro- 
perties of the plant may be due to its presence. It is well 
known that potassium nitrate is an excellent diuretic. 

3. FUMARIA OFFICINALIS 

Fumaria officinalis (shaheterah : Pitpapra in Hindi) of the 
natural order Fumareiacese is a herb very common in India. 
The dry plant is generally much broken up; mixed with it are 
many globular, smooth indehiscent capsules, the size of a large 
pin’s head ; seed single, dark brown, crested, odour hardly 
any, taste bitter, slightly acrid and astringent. 

Several species of this family have long been used 
medicinally on account of the diuretic and the alterative 
properties. It is known to remove heptic obstructions, 
aparient and expellent of the humors but more specially of 
atrabilis. It is also a laxative and is beneficial in dyspepsia 
depending upon torpidity of the intestines and in scrobulous 
akin affections. 

As regards its chemical examination, it is supposed 
to contain fumaric acid and a base known as fumarine 
observed first by Pesohier and more fully described by 
Hammon[J. Chem. Med., (3) YIII, 705]. The plant contains 
5 to 6 per cent of the base to which the plant appears to have 
its physiological properties. It is separated from its salts by 
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caustic alkalis or their carbonates in the form of curdj' 
precipitates which may be obtained as crystalline i)y 
spontaneous evaporation of its hot alcoholic solution. 
According’ to Preuss, fumarine crystallises in irregular six- 
sided moiioclinic prisms, soluble in alcohol, chloroform, 
sparingly soluble in water, insoluble in ether. Its composi- 
tion has not yet been determined. 

Ho much is the amount of work that has hitherto been 
done on this plant. The present author was tempted to juit 
the entire plant under systematic chemical examination on 
account of the large amount of organic base (5 to 3%) 
present in it. After a number of preliminary experiments 
a systematic extraction of the entire plant was performed. 

Expeeimental 

About 10 gms. of the dried powdered plant wmre 
extracted by dilute HCl. The extract was dirty red in 
colour, which was decolorised by animal charcoal. To 
different portions of this HOI extract, solutions of sodium 
carbonate, caustic potash and ammonium hydroxide were 
added. The precipitates were then separated off by filtra- 
tion. The precipitates were tlien again dissolved in dilate 
HCl. The original HCl extract, the filtrates from the three 
fractions and HGi solution of the precipitates were all put 
to various tests for alkaloids. The original HCl extract 
and the filtrates (after being made acidic) answered to the 
presence of an alkaloid. Tiie HCi solution of the precipitates 
did not give any alkaloidal reactions. 

These experiments go to show that the precipitates 
obtained by the addition of solutions of sodium carbonate, 
caustic potash and ammonia did not at all contain any 
alkaloid. The precipitates on extraction with alcohol were 
found to contain no organic product. They were finally 
identified to be purely inorganic and are, therefore, the 
hydroxides and carbonates of some metals. 
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A few grams of the dried plant were exliaastiYely 
extracted with distilled water. The lead salt wa,s then 
precipitated by the addition of a solution of lead acetate. 
The lead salt on decomposition by HoS and consequent 
eyaporation of the solvent to dryness yielded a syrupy brown 
sticky substance which could not be crystallised. The 
mother liquor also after removing the excess of lead on 
evaporation to dryness yielded a sticky substance containing 
large amounts of free sugars. 

From another fraction of the water extract, tannic acid 
salt was precipitated. The precipitate was then mixed with 
lead carbonate and then was extracted with alcohol. No 
alkaloid could be recovered on evaporation of the alcohol to 
dryness. 

About 100 gms. of the powdered plant were exhaustively 
extracted with water. The mother liquor on evaporation to 
dryness yielded a browm solid amorphous powder whicli 
amounted to about 29 gins. It smelt strongly of sugars and 
reduced Feliling's solutions immediately. About 10 gins, of 
this solid were then extracted by tbe following solvents: 
(a) petroleum ether, (b) chloroform, (c) ethyl acetate, 
id) alcohol. The first three solvents did not give anything 
other than little waxy material. Alcohol, however, extracted 
some brown stuff which contained sugars in majority. The 
dilute HCl solution of tins alcoholic extract answered to all 
the alkaioidal reactions ; hut the isolation of the alkaloid in 
free state could not be achieved. 

About 100 gms. of the powdered plant were systemati- 
cally extracted in a big Soxhlet apparatus with the following 
solvents: 

(1) chloroform, (2) ethyl acetate, (3) alooliol 

Chloroform extraGt,—{^ %) semi-solid, deep green wax. 
Smelling of chlorophyll. A dilate HCl solution of this showed 
the presence of some alkaloid in minute traces. 
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Ethyl acetate extract. — ( 1 % ) soft greenish waxy material 
properties similar to above. 

Alcoholic extract- — (13%) deep dark brown solid; 
smelling of charred sugars. Reduces Feiiling’s solutions 
immediately. No coloration with ferric chloride, faintly 
acidic to litmus. The dilute HCl solution of the extract 
showed the presence of a small amount of alkaloid. The 
jiiajority of the extract contained sugars and resins. 

Estimation of Ash. — Contains 20'9 per cent total ash. 
The soluble portion amounts to 14 per cent. On analysis of 
the soluble portion for the inorganic radicals it showed the 
presence of calcium, potassium, sulphate, magnesium, and 
traces of chloride. The insoluble portion was mainly silica 
and alumina. 

Estimation of sugars. — The water extract of the dried 
plant on clarification by lead acetate solution was titrated 
with Pavy’s solution. The total sugars amount to (7*7 to 
8 per cent). 

It will be apparent from the above account that the 5 to 6 
per cent of the base obtained by Hammon from the hydro- 
chloric acid salt by caustic alkalies or the carbonates are 
nothing else than inorganic hydroxides and carbonates of the 
metals such as calcium, magnesium and aluminium. The 
curdy precipitates described by him do not contain any trace 
of organic matter since it did not give any stuff on extraction 
with alcohol or any other organic solvents. 

Tlie author expresses his best tiianks to Dr. S. Dutt for 
his invaluable guidance throughout tlie present investigations 
and to the Kanta Prasad Research Trust for a scholarship 
which enabled him to take part in the present investigations. 
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Siegbalin and StenstrOm^ discovered as early as 1916 
that the Ka lines of light elements are accompanied on their 
short wave-length side by some faint lines, the origin of 
which could not be explained. Since then, a large number 
of investigations have been made to decide the nature 
of these lines. Siegbalin and Doljsek- showed in 1920 
that there were five lines accompanying the Ka line of 
elements Na (11) to K (19). Later researches by Coster,® 
Hjalmar,^' Siegbalin andLarsson,^ Thoraeus,® Druyvesteyn,'^ 
Lindberg,® Richtmeyer,*’ have proved that the satellite 
phenomenon is quite general and that most of the strong 
lines in the X-ray spectra (Ka,, Ksi, La,, Lg,, Lga, La^, Ma) 
exhibit it. The chief characteristics of these satellites are 
the following : 

(1) They generally accompany a strong line towards 
the short-wave side although some satellites to the 


^ Slegbiihn and Stenstrom, Phys. Zeit., 17, 48, {191Q). 

■' Siegbalin and Doljsek, /wr 10, 69, (1922). 

" Coster, Phil. Mag., 4d, 456, (1922). 

Hjalinar, Phil. Mag., M, 62.5, (1921). 

^ Siegbalin and Larsson, Arh fur Mat Astr. och Pysik, 
Band IS, Nr. 18 (1924:), 

Tlioraens, Phil. Mag., 2, 1107, (1926), 

’ Driiyvesteyn, Zeit fur Physih, 43, 707, (1927), 

JAnnharg:, Dissertations, Upsala Unimrsity. 

" Richtmeyer, Phys. Bev., 34, 574, (1929). 
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long-wave side are also known, Lyi line of 

some elements while Kg i line of others have 
satellites to the long waveside. 

(2) Coster^ in 1922 and Baddin® in 1924 have 

shown that these lines require a higiier excitation 
potential than the diagram line wiiieh, they 
accompany. 

(3) That the difference in frequency between the 

satellite and the parent line is of the same order 
of magnitude for the different elements and 
different series. 

(4) Tiiese satellites are broad and diffuse and it is 

quite likely that a higher resolving power of 
the spectrograph wdll reveal a structure in 
them. 

(5) There seems to be an upper limit for elements 

which show satellites in a particular series ; for 
example, the Ka^ line has not been found beyond 
As. The satellites Ka., and Ka, have not been 
found beyond Cl. The satellites of the L-series 
show a similar behaviour. These tacts are dealt 
with in a later part of the article. 

WentzeFs Theory. 

The first attempt to explain these lines was made by 
Wentzel-'’ in 1921. He suggested that the satellites ar(' 
due to multiply ionised state of the atom. When the 
atom is doubly ionised, the charge on the nucleus increases 
because of the change in the screening ; and hence radia- 
tions of still shorter wavelength are emitted The chanec's 
of an atom becoming multiply ionised are small and 

^ Coster, Phil Mag,, 44, 456, (1922). 

® Backlin, Zeit fihr Physik, 27, 30, (1924). 

Wentzel, Ann der Physik, 66, 437, (1921), 
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consequently the intensity of the satellite is small. Tims, 
iiecordiiig: to 'Wentzel, tim X-ray satellites stand in the same 
relation to diagram lines as spark lines stand to the arc 
lines in the optical spectra. Wentzel gave a sclieme 
with the hcdp of Avhich he explained all the satellites of 
Ka. line. Druyvesteyn, some years later, explained other 
spark lines in the L-series in a similar manner. 


Table 1 



Origin 


Liae 

Initial St;ite 

Pinal State 

Kind 

aa 

KL 

1/ 

Second 

at 


KL 

Second 


K" 

K"L 

1 

Third 


KL" 

■ L" 

Third 

a 3 

K"L 

KL" 

Third 


KL means that the K-sbell as well as the L-shell is 
singly ionised. 


KL^ means that the K-shell is singly ionised and the 
L-shell is doubly ionised. 

Second means double ionisation, and third means triple 
ionisation. 

Wentzel supposed that each spark line results from one 
kind of multiply ionised state of the atom, and in order to 
explain the live lines accompanying the K line he takes into 
account two doubly ionised, and three triply ionised states of 
the atom. Thus K03 results from the transition from a singly 
ionised K-she!l and a singly ionised L-shell to a doubly ionised 
F. 6 
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L-slieiL Hence its origin is denoted by KL— -L^. The figure 
below is an explanatory diagram of Wentzel’s scheme. 


- l -—± 


_,.,L 

__L" 

...L' 

_K 

KL 


1C 

ICL. 


The lines K®, Ka.^-, and originate from those 

initial states of the atom in which the K-shell is singly 
ionised and hence *3 ~ a^. 

Again, Ka and originate from those initial states 
of the atom in which the IC-shell is doubly ionised, and 
hence the atom behaves as though it has the next atomic 
number. The conclusion is 

These two deductions are the cliief arguments in 
support of Wentzel’s theory. Wetterblad’s’ measurements 
made in 1927 support the above relations within experimen- 
tal errors. Druyvesteyn,^ arguing on similar grounds, pro- 
posed that the origin of the satellites of the K/:/, lino can he 
ascribed to the transition KL^LM. Further, as 
(KL) = + L^^^ 

and ~ 

he obtains OKL - LM)^ fK-M)^ = (14^ ^ )-. 

or in other words 

( b ”- 8 ,). = (^.+1 - , ) 

’ WetterPlad, Zeit fiir Physik, 42, 611, (1927), 

" Druyvesteyn, Zeit fur Physik, 43, 707, (1927). 



(m THE OElGirir of the spark lines in the x-ray spectra 43 

This curve when plotted does not tally exactly with the 
curve obtained experiinentally. It is quite clear that 
Weiitzebs theory may have some points in its favour, but it 
cannot explain the Whole phenomenon in a satisfactory 
manner. At the time W'hen Wentzel gave his theory, Pauli’s 
principle was not known and complex spectra were not under- 
stood. We know nowWhat the ionised states postulated by 
Wentzel will give rise to far greater number of lines than have, 
been discovered. Moreover, the K-level cannot be triply 
ionised, for in the normal state of the atom there can be only 
two electrons in that shell. The chances of an atom being 
ionised triply are very small and so it cannot account for 
Ka, and Kag lines whicli are fairly strong. Many workers 
have pointed out that Wentzel’s suggestion in its original 
form is untenable. Several other suggestions have been put 
forth and in all these the main idea of Wentzel about multiple 
ionisation stands intact. Another important point conclusively 
established by Baoklin^ was that the excitation potential of 
these lines is much less than double the excitation potential for 
the diagram lines which is demanded by Wentzel’s theory. 

Before dealing with alternative theories, it is very 
important to discuss the fact as to how the atom comes to be 
in the multiply excited state and what the ineoltanism can be. 
Wentzel’s original suggestion was that the multiple ionisation 
occurs when the atom is successively bombarded by two 
electrons. Rosseland* in 1923 dealt with this question from 
the theoretical point of view and came to the conclusion that 
the life in the excited states of the atom is very small and the 
probability of its encountering another cathode particle is 
too small to account for the spark lines. 

Bilcklin® showed that the intensity of the spark lines 
increases linearly wdtli the current instead of varying as the 

‘ Baoklin, Zeit fiir Physih^ 27, 30, (1924). 

" Rosseland. ilfap., 45, 65, (1923), - 

^ BiiokiinWe^Y, /wr 27, 80, (1924). 
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square of the current. Hence on the theoretical as weil as 
practical grounds, the successive encounter theory is untenabie. 
Proceeding from Thomson’s ionisation theory, Rosseland 
showed that the probability of two electrons being dislodged in 
a single encounter was of the same order of magnitude as would 
explain the observed intensity of the spark lines. Druyve-- 
steyn^ attacks the problem in the same manner but instead 
of supposing that two electrons are knocked out in a single 
encounter witli the same cathode particle, he assumes that the 
two electrons are removed in successive encounters. 

The arguments in favour of Bosseland’s^ view are : 

The excitation potential must be considerably higher in 
the case of spark linos than in the case of diagram lines 
accompanying them. Backlin^ in 1924, and Richtmeyer* and 
Jesse Du Mond in 1930 have proved it experimentally. But 
whether the excitation potentials of spark lines correspond to 
the snm of the excitation potentials of the levels excited is 
a question which is difficult to answer, for the experimental 
difficulties are enormous and have not been overcome. 

The arguments against doable ionisation in single GoUision 

are: 

(1) From optical spectra timro is no conclusive evidence 
that two electrons can be ejected in at one 
encounter. Goudsmit and Pauling"' have deduced 
some general conclusions regarding the simultane- 
ous transition of two electrons. They are identical 
with the rules holding in the optical spectra ; it 
amounts to saying that of the two transitions, one 
should be allowed, the other should be foiRidden. 
But numerical values for such transitions have 
not been obtained. 

' Druyvesteyn, Zeit fiir Phyaih, 43, 707, (1927). 

® Rosseland, PM. Mag., 45, 65, (1923). 

® Biioklin, fUr Physik, 27, SO, (1925). 

^ Riohfcmeyer and Jesse Du Mond, Phys. Rev. 36, 1044, (1930). 

“ Goudsmit and Pauling, Structure of Line Spectra, p. 90. 
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Froiri experiments on the production of optical spectra 
by Franck’s method of cathode ray bombardment 
it is known in many cases that multiply charged 
ions are produced and they appear to be produced 
in single encounter, but this has not been clearly 
established^ 

(2) This plienoinenon should show itself in the absorp- 
tion also where we expect a discontinuity at the 
place corresponding to the energy required to 
remove two electrons at the same time. Several 
observers have studied the absorption spectrum 
with this end in view. It is well known that 
when a beam of continuous X-rays is passed 
through matter the resulting spectrum shows 
absorption discontinuities at tlie limits of K, L, M, 
N . . . series. They are due to the removal of an 
electron by the photon from the K, L, j\i, N, • . . 
shells. A question now arises that if a photon is 
capable of removing two electrons simultaneously, 
say, one from K-shell and the other from L-shell, 


there should be an absorption discontinuity at 
r = Vjr^yl- approximately. 

Such an absorption discontinuity has not been clear- 
ly established, though from time to time several 
investigators announced the existence of the pheno- 
menon. Coster and YanderTuuk® tried it in argon 
but with negative results. Wentzel® reported that 
Siegbahn has observed the phenomenon but the 
latter never published anything about it, probably 
because he could not prove it conclusively. 
Eichtmeyer^ experimented with Sn, but did not 

‘ Bleakney, P/jys. Bev., 38, 1303, (1930). 

^ Foster and Van der Tuuk, fur Physih^ 37, 367, (1926) 
Wentzel, Zeif fur Physik, 31, ,445, (1925). 

'' Riohtmeyer, Phys. Rev., 27, 794, (1926). 
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come across the expected discontinuity in tlse 
absorption spectruiii. 

From a discussion of vainos of absorption eoeffLibcni;-; 
for Gil over a wavelength region extending from K to Im irthc 
value of K-rogion, Alexander * in 1927 showed that an absorp- 
tion discontinuity occurs at approximately half the K-iiimt. 
This was subjected to adverse criticism by Michtmeyer." At 
the present time it does not appear that the pr<^senco of such 
absorption discontinuity at the wave-length corresponding to 
KK, KL, IX, LM, etc., has been delinitoly established. But 
we may point out that the difficulty of observing such a phe- 
nomenon has not been properly appreciated. It is well known 
that tile value of the discontinuity at the K-limit 


where W’k is the number of photo-olcctrons released from 
K-shell and 2% is the number of electrons released from the 
L-shell. The discontinuity makes itself felt at the K-limit. 
Because as long as v is less than =0, Now the 

extent of tlie discontinuity will depend upon the value of 
WKOronthe number of photo-electrons released in the new- 
process tiiat has come into existence. If this is very feeble, 
the discontinuity may not be observed at all. For example, 
in the Lrdiscontinuity, wc have 

ny + -h n.. 

^ ^ i = j . 

Ju^ I Ju^ % 

111 these cases the discontinuity may not he observed at all 
and actual experience tells us so- In the case which we 
have got in view, the value of the supposed absorption 
discontinuity at v = 2 , we shall have 


2n~ 


‘ Alexander, Fhil. Mag., 4, 670, (1927), 
Riolitmeyer, Phil. Mag., 6, 64, (1928). 
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Tlie value of s will depend on?^KE;, the number of processes 
in which two K-electrons are ejected simultaneously. 

On a priori grounds, therefore, the probability is small, 
3 will 1)6 approximately unity, and unless very sensitive 
apparatus is used it is not possible to establish the existence 
of sucii discontinuity to the satisfaction of everybody. 

A very important experiment was done by Coster and 
Druyvesteya^ on the origin of spark lines. This was the 
well-kmown method of fluorescent excitation. It is known 
tiiat Avhen an element is irradiated by X-rays of sufficient 
high frequency, it emits its own characteristic frequency. 
The condition is that the frequency of the irradiating radia- 
tion should be higher than Vk if we want to get the K-spec- 
tniin of the element. Coster and Druyvesteyn illuminated 
iron target by Gu Ka radiation and found that not only the 
diagram lines Kaj, a^, K/3, are excited but the Ka,, is also excit- 
ed. If we assume that this is a spark line this experiment 
clearly proves that the incident of copper removes two 
electrons from Kf and Li in one single stroke but alternative 
explanation is also possible as has been done by Coster and 
Druyvesteyn. It may be that the CuKa releases one K-elec- 
troii from iron and imparts to it the remaining part of the 
energy ; ^mv “ = hvcuKa, ~ ^^^FeKa, 

The electron as it passes out from the Ki- level knocks 
out another electron from the L- or M-level, and thus pro- 
duces double ionisation. The process is thus analogous to 
tliat of internal conversion of gamma rays as ivorked by Ellis. ^ 
The intensity of the spark line should then vary with the 
frequency of the exciting radiations in a way regarding 
which guidance may be obtained from Ellis’s theory of 
internal conversion. In many other ways the experiments 
of Coster and Druyvesteyn can be improved. For example, 


b (Josier and Drnyvoalejm, Zeit f Ur Physik 40, 76n, 1927. 
Plllis, ProG. Hoy. Soc, A 105, 185, 1924. 
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ife cnti liiford as valuable information rogardiiiii;- Llu^ minlnHuu 
excitation potential required for the production of diiri'.rent 
spark lines- 

For example, if Ka., ia produced as a result of doiildo 
ionisation consisting- in, the removal of one electron from K, 
and another from Lj, the minimum value of the (‘xciiing 
frequency should be v/R,= 577 ’4, in the case of iron as 
shown below* 

E'e K," excitation level = r)24'0 

• L, ; „ v == ^ ^ 

K, + .bi excitation =; 577*4 

Hence Ka, should be excited only wlien Fe is irradiated 
by Ni .Ka whose r/E value is equal to 608*7 but sliould not 
be excited when Fc is irradiated by Ei Ka,, for r/R in this 
case is 550. 

From considerations to be given later, all tlie satellites 
may not baye tiie same origin ; Ka^, Ka^ may l)e due to single 
ionisation in Kj- shell, and single ionisation in Li- shell, but 
Ka„ Ka,j may be due to double ionisation in tlie .K- shell. 
This hypothesis can ho tested by Coster and l.)rnyv(‘Ht(iyn’B 
method. If our theoi*y be correct Ka.,, a,, ca,n produced in 


fluoreRcence when the irradiated 

radiations Imvo double the 

vii /R of iron. It cannot be produced by tin? Ka, radiatiouH of 

elements from Copper up to Br. 

, but can be cxcuted ity 

Strontium Ke>i . 


vkJR of Fe = 

524 

It 

o 

1048 

/.R of Sr — 

.1166 


Note . — For tlnise .Figures see Linclti’s contribution in die 
Tlandhiich der Experimental Physih, XXIV — 2, pa.go 282. 

There are certain evidences of an indirect mtmv. regard- 
ing the simultaneous ejection of two electrons by a singh* 
photon in Robinson’s ^ experiments on the magnetic spec- 
trum of photo-electrons released by X-rays* The mitnre of 

^ Fdbin.son, Proc. Roy. 8oq:, A 128 , 29, (I9o0). 
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tliese experiments ure well known. Radiations of sonu' 
eleimmis are allowed to fall upon a metallic plate. Under 
the action of these rays, photo-electrons are given out which 
are analysed by means of a magnetic field such that j;)iK)to-- 
(deetrona of the same velocity are focuased at one point of the 
photographic plate. By knowung the radius of curvature of 
til (5 path of tlie electron from the geoniotry of the apparatus 
and also from the value of the magnetic field used we got 
the velocity of the electron. In this way, the energies of the 
plioto-electrons can be studied. If we subtract the energy of 
the photoelectron so obtained from the energy of the radiation 
used we get the energy required to dislodge the electron 
from the level wliicli contained it. This value iniist agree 
with the characteristic level values obtained from X-ray 
spectroscopic data. 

But llobinson has obtained some faint lines which 
cannot be explained as being due to the release of a single 
electron from any known levels. 

[t cannot be proved from Robinson’s experiments that 
two electrons are simultaneously ejected, one from Tj”shell 
and the other from M-shell. But against this hypothesis we 
may suppose, in a way similar to Coster and Dniyvestoyn, that 
the quantum releases an electron from the L-shell and imparts 
to it the energy 1853. As it goes out, it knocks oil another 
electron from U, or any other n[)per levels in the same way as 
in Ellis’s interna! conversion. There seems to he no mdterion 
in Robinson’s experimental results which can ena,hle us to 
decide between the theory of simultaneous ejection of two 
electrons by a piioton or a. bombarding electron, or tiu' 
theory of single ejection and internal conversion,. 

Alternative Theories of the Origin of Spark LiiieSv' .. . ■ 

(1) B. B. Ray’s ^ theory based on theory of c,omplex 
optical spectra. 


!hi4 iiay, Phil. Mag^, 8, 772 (1929) 
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(2) Lniiger’s^ modification on B. ]>. lOiy’s tiuH)rY. 

(3) Kiohtmeyer’s® double jump theory. 

B. B. Raya's Theory. . 

At the suggestion of Prof. Aj. N. Saha,’^ B. B. Bay first 
applied the principles of complex optical spectra to expOain, 
the origin of these lines, but all the points could not be cleared; 
and recently an alternative theory on the same lines has 
been proposed by Ijanger. fn the following discussion we 
confine ourselves to the K spark lines. 

According to B. B. ray, the meciianism of production of 
spark lines is as follows: Tlie bombarding electron removes 
at one blow one electron from Kj , the other from Iji, 'i'he 
constitution of the inner incomplete shells is now ls.2.s‘ 
giving the terms ^ So, Then an electron jumps from 

Lj, to K. The electron constitution of incomplete slufils is 
now 2s, These giv(3 us tlie spectroscopic terms 
TP, Hence we should obtain the following niuliiplet. 



The arrangement of the lines in the form of a mu]tii)iet 
is due to B. B. Ray. 


A R.— Sometimes a sixth line close to a/' bat Uifitinet fnirrj is 
and called by «' has been obtained. 


' Longer, P/a?/s. 7iev. 37, 457 (1981). 

” Uiohtmeyer, ifay., 6, 64 (1928) 

■'* Saha and Ray, Pkys. MiL 28, 221, 1927. 
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The process may he described by the symbols now in use 

Is. 2s. 2|)" 

'S,. '’S, 

m) 

'Wiiile this theory explains a few features of the spark 
lines it does not explain why we get 5 lines in place of B spark 
lines which are expected. It may be mentioned that T)r. Cl. B. 
Deodliar/ working in Siegbahn’s laboratory got a sixth line 
between and «6 in silicon, and denoted it by 0 . 7 . But it 
is not clear why silicon alone should show” this line, and 
not the other elements. Deodliar also showed that “3 is 
a close doublet. 

Langer proposes that the origin of the lines may he 
represented by the following ayinhol : 

ls"2.s2p'’ .1s2.'/2p‘'’ 

'a hS < — 

This is merely B. E. Ray’s theory repeated, with the 
addition that '^Poi2 is regarded as a single term, the 
differeiicea being too small for observation. According to 
Langer the intercombinations do not occur, hence this 
transition accounts only for two lines. 



’P. 

’Po.« 

; : Mo 


~ 


1 ®:i 

U.y 


The other lines are supposed to be due to the process: 
2s" 2p^ Is 2s" 2p* 

ML "P : ' ■ ■ . - ML P 

^ Doodhar, Froc. Hoy. Soe. A 131, 6B3 (1931), 
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i.«., the isoinbardinj^ electron knocks out one r!(un,ruii irosu 
I\ i ninl one IVoiu L 2 , fuid then one electron junips Iroin the 
La 1 e vel to K , giving to the confign rnii on 1 .s " . 2.s‘ » 2 / ^ . 
Again, we count the three terms of jis one, term, luni 
su})|)oso that the mtercombinations are ahsent. \V(^ ol)ta,n) 

, . „ I ip , : ■■ ■. ^.p 

L^'o, , , X;- . 

^Da ■ X; 

“P X 

There is a very important point which none of 
theories htive soug’ht to explain. It is fouml tluit afitn* 
sulpliur, «3 and can no longer he traced a^j, dis- 

appears after Ca rather it becomes merged in «;ja,nd ultima, te- 
ly as is tlie only line to persist. This Ims been traeml up 
to As. I Fd/c, however Coster and [)ruyv(‘,steyn. Under 
ordinary cireumstances, «3 is the 8troiig(?st lino having 
approximately ' 2 V of the intensity of«i wliile and are 
very faint. 

Light on this point is thrown by the expcniments 
of Backlin on the excitation potentiahs of tin', sj.tark lim^s 
of Al. According to "WentzerB origina,! Huggtistion, two 
electrons are to he ejected from the -level for 

exenting the spark lines called a.^. The minimum excita- 
tion potential should therefore be at least double ihn 
excitation potential of the K-lines. P"or A!, this is nearly 
1,500 volts, and Backlin found tliata^ appears at a lumdi 
lower voltage tlian tiie minimum voltage calculatful from 
Wontzers theory, ; in Biot it appears wheu V is ahoui 
i,700 volts. lie concludes \ that this result is distinctly 
against 'Wentzers suggestion that both K-olcctrons imve to be 
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cjec(;od for exciting certain lines of spark spectnini. 
On this point B. B. Ray’s theory is lielpfnl, as the excitation 
potential of spark lines should exceed the excitation 
potential of K-lines only slightly, namely by Vr, whore 

Vl = and Yjj for A1 is only about 100 volts. 

But a closer study of Eacklin’s paper shows that the 
and lines come out first as very faint lines, only when 
the excitation potential is 2,900, ie., about double tiie K- 
potential, In Deodhar’s experiment as well, the lines 
«5 and ag, appear as xery faint lines compared to “3 and 
These considerations and disappearance of after 

Sulphur led me to the hypothesis that the origin of the two 
sets of lines is probably different, “■a and *^4 are due to the 

. l.s, 2s. 

2 p 

'So .3S» 

2 («)“ 

'So 

i.e., in tlie second process the bombarding electron carries 
away both electrons in the K-siiell, leaving- the constitaiioii 
as 26 '' 22 >'’. Then two electrons simuitanoousiy jump one 
from 2 to t the other from 2 to ^ Thus one 
transition is allowed, the other is forbidden. We thus get 
the lines 


If tills liyiiothesis be correct, the actual freipioncy of «5 and 
should he ill the region of double the freipiency of the 
K« dines, or the wave-length should be half. In other 



process 


u 


2 s, 
1 A'. 


2p^ 


'Pi, “P 

but and «<; are due to 

1 S“ 2 B 2p^ 

“P 



54 


THE AIiLAHABAl> UNlVEIiSlTY KTUEllW 


words tlie linos cailod rtg and ao have been reo-oi’iioil in tin', 
sooond ordor. Their fainlaiess and non“ii|){) 0 !n*an(‘o lor 
heavy (dements are due to two causes; (I) As their (niadin.iion 
])ot(yntial should be doulilp the excitation imUntlial <d {.h(^ 
K-lines, the poteutkil used in the heavy ehmunit was 
probably not sufficient to excite these lines. Thus tor (Ju, 
the excitation potential for K-lines = 9,000 volts, and 

excitation potential for «g and «c should b<^ 
volts. If we want to obtain the lines sufficicniily intense, 
with small exposure at least double this volta.p’(‘, oiipdit to hf^, 
used. In the exporinients on spark lines, of elements nlwr 
sulphur tlio voitajp’e was probably kept low, lienee the 
lines did not appear. (2) When we ex|) 08 (^ foi' the Ka 
region, as has been usmilly done. ls‘^.2.s'.2p^’ < — ** l.s.2s,2jid' 
lines provisionally called (« 3 « 4 ) are exposed for the lii'st 
order, while the lines have approximately half the 
wavelenj^th of K-linos, hence they are exposed for tlie second 
order. Hence even with sufficient soeondary voltag’o, tinyv 
appear very faint. 

This iiypothesis re,s:arding' the origin of iiu‘ sev(n*a,l 
sjiark lines may or may not explain all fa(‘.ts hut it !Uig-,g'(>sts 
the existence of a new class of characteristic lima; (io whic.h 
the author was led also from another iudepernlont liinj of 
reasoning-) which owe their origin t{» tin' simuJtunoous 
ejection of two eleedrons from any slieii, and simultatnanis 
jumping- of two electrons from some oubn- shell to till ipt 
these vacant positions. Such lines will iiave appr()xini{ii(dy 
double the frequency of the usual diagram ma, tie iv-a,nd L-- 
lines, and tlieir structure will be simihir to conipuvx 
spectra in optical spectroscopy. The existence of sncii 
donf)]e transition L-liiies in Tungsten im.s alrcauly lasm 
demonstrated. 

My most sincere thanks are due to Profossor 
M. Saha, D.Sc., P.liS., for suggesting me to wi-itc; this 
article, and the active help aud advice givcni in writing it. 
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NOTE ON BESSEL FUNCTIONS 


BY 

V. L. MUTATKER, 

Research student, Mathematics Department. 

In Article 1 of the present paper some expansions in 
terms of Bessel functions are obtained and in Article 2 
certain integrals involving Bessel functions of zero order are 
evaluated. 

1. Cerlain Expansions in terms of Bessel Functions. 

It is known that^ 



Differentiate (1.01) with respect to and put 

Q ei -0i cc 

Equating real and imaginary parts, we have, 

I g [oos {z sin6i) + oos {s sin 6i“20)3 

= n {z) oos (w+l)^] .. (1.02) 

. 1 . ' ■ . 

.And , . 

i s: [sin (ig sin + sin (jg sin 

= nJf^ {z) [sin in—l) (»«-f 1)(9] .... (1 .03) 

1 


Whittaker and Watson, Modern Anati/sis, P'^ourtli Edition, 

p. 365. 
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Differentiate (1.02) twice Avitli reR})cct to o anO pnt 
^ = 0. 'Wo have, 

a l)]= 2 «[(«-U’ + (-l'‘-'(«.+ W • ■ 

Differentiate (1.03) with respect to and put fit -O. W(^ 

have 

i (s-i)= 2 K»-1) -(-)“■*(»+ i)y» te) ... ('.(B) 

1 

2. Evaluation of Certain Definite Integrals. 

From the known reenlF' 


Dfl f®)= '*'2 oos (so 008 h u) du 

we have 

{ax)~—2 / eos {ax oosh n) du .... 
.,/o 

Multiply both the sides of (2.03) by 


1 


(H- «•■■■)'■■ 


(2.01) 

and integrate 


between the limits 0 and Tlien 

r 

Jo (f+tt')®’" cos («» cosh w) du 

Changing the order, this becomes 

f Yo {aX) .. f , f OOH(a fl5 cosh 

i UW ‘^=- J, "“i - 

Bui. r o™.-’.™ dx 

X ('+*■>’ 

Therefore, 

J, (!+«.-) 




(1+a: oosli * ''‘*'^** " 


■*■ Quarterly Journalf Vol. 42. 
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which by virtue of the formula 


Kn (iB)= f oosh n <1> ® dct^ 


Jo (t 4*a®)* 2 

But it has been proved, that* 

~7rKoix)= f da 

Jo (^+«^) 

Therefore (2.02) gives 


K\{x)~ f 1 3~ y^ iax) da . 


Other results proved in the same way with help of the 
following’ integrals. 


f dw = (m* + 3 w + 3) 

Jo (l + cc ) 16 

f S^S^ll^dx = ri5 + 15 m 4 

Jo {l + £cO'" tH> ®“ 


^15 + 15 m 4" 0 + ni^ J 


i (my •'“ = - f Cf 


+ (3 + K„ (*) ] (2.04) 


J 1 4 :pt ® r 
(14- 


F(> (ax)da . . (ilOo) 


Quarterly Journal, Vol. 42, 
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f Yo (g x) 

,/ o (14 


(i4-a‘'=)-‘ 


dx : 


[ H (5 + x^) A'o (ir,l 

+ 3 as (5 + ) K, (w) 

+ K.ix) + j K, (*)]. 


2 . 1 . The inMgrai / ;r“-“ f *> 

v/o. (I 4- a r 

li is known that 

'2 ' ■ 

Jo (a cc) = # ain (ct je co.sli w) . ■ 

TT »/o 

Multiply both tlio sides of (2’()7> by 


mm 


11 4- a")-' 


(2.07) 
[tnd inte- 


grate between the Hiuits 0 and «. 
We have, 


I, “i+a“)’' *'“= ^ j« l^r .L “)** 

= “ / dn f 

rr Jo J o 


asin (ct cosh 11 ) 


(1 4- a 


on chtinging' the order of integration. 
But L 


i X a 
Jo 'Ju 

Therefore 

J" (g a?) 


sni mx j '»■ 

I dx =: m (t 

(14-33 ) 4 


U4*a“j" 


da ■ 


f. 


— a; tiofcil) n 

cosh U c du 




mm 


In a similar manner, by the help of tlu^ intt\grai 

/ 33 sin iw 33 

Jo (l-htr?)'* 16 ^ ^ 
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it can be shown that 

=ifc’^r„(a!)+2a;X,(x) + a!’ir,Wl(2.00) 

2.2 ‘ Product Formulm 

Multiply both the sides of (2.08) by Jo (^r), then, 

K,(x) Jo (x) = £ Jo (ax) Jo (x) ... (2.10) 

By virtue of the known result 

«• 

Jo {%) Jo iy) — I Jo {V (la?*' *f y ^—2 xy cos $)} do 

TT Jo 


we obtain from (2.10) 

oc IT 

f K. (X) Jo (X) = £^^:^J jo v- ( 1 + «> 
—2 a cos «/d} d4> 

By making the transformation 

— 1 4- a oos ‘A = p cos d, a sin 'i& == p sin 0 
a da d<ii is changed into p dp <2(9 and 

we have 


K, Ov) Jo {x) 


» dp dB Jo ixp) 


But since 


Lf f >■« .. 

TT -/o Jo (2 + p* + 2p OOS 0) 

/ d o _ arr ' ' 

(a4“&cos0)® (a®— &*)*'* 


tberefo.re 


« ^ -r / V / pJo (xp) dp (2 + p®) 

T*' = Jo (P'+^l)^ 
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Putting p'' = 2 sinh we get 

X iT, {») ,/« (a;) == ^ ^ "***■•' '^'') 


Sinrilariy we obtain 

^ la;'’ Zo (35) 4- 2 a; r, (ic) + (te)} Jo 


. , . (Ell) 


, f p [2 (2+p)^ + 4 p®] j A j Oj io\ 
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A STUDY ON , THE RESPIRATION OF FRUIT 
OF CARICA PAPAYA (VERK PAPITA) IN 
RELATION TO CHANGES IN SUGAR 
CONTENT 

BY 

U. N. OHATTBRJI, B.So. (Hous.), M.Sc. 

INraODUOTlQN 

The study of fruit ripening from the biochemical point 
of view bad long been neglected. But in the last few years 
much work has been done in this field especially with 
stored apples, so that all the possible aspects of the ripening 
and biochemical changes of this fimit have been thoroughly 
investigated. 

Archhold, working on the various problems of the 
ripening of apples, came to the conclusion that their 
‘‘growth as measured by dry weight proceeds at an increas- 
ing rate until the last month on the tree, 'when it is very 
slow. ” She found close correlation between “ starch and 
acid accumulation,” and, that the “ soluble carbohydrate 
increase at first, remain constant while starch is being stored 
and finally increases rapidly.” This progressive conversion of 
sta/rch into sucrose and finally into simpler sugars during the 
ripening of apples has also been emphasised by other 
workers, e.g>, 'Evans, Bigelow, etc., working on the chemical 
composition of pears. Emmett found that reducing sugars 
accumulate because of the rate of oxidation being slower 
than that of inversion, and that the “development of soluble 
pectin is the chief factor concerned in the softening of 
the fruit” 
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BlackiiuMi and Parija liavo into Uu* ivsin- 

riiiory changes of stored apples anh Itnin*! i!ie ren- oi 
rospirsitioii increases towards their sion'.Hceut pimsf'. lTii> 
cause of this rise is, according to them, '' tin' lowe.ring oi' 
organization resistance’^ during stuiesc.ence. A .study of 
the variations in respiratory rate a,nd td)a,ng<‘s in tlu' .sugar 
content during the ontogeny of th(^ fruit oH airica, papaya 
has been made in this paper. 

MATKRIAL AN1> MhB'ftOl) 

The fruits of Cariea papaya were gathen,ui riHuii a iffnal 
garden. The size of the full-grown fruits inllueim.ed the 
selection of the tree beyond auytiiing else as very big frulin 
would he difficult to manage. Weight, size, ami {msitimi 
on the tree were taken to be the (diief factors diderminirig 
the age and different sta,gea of the orjtogeny of the fruits. 
The colour of the fruits when fully ripe was soinewh.'it 
reddish yellow. 

For luoasiiring resj)iration the wi'll-knowu air- 
commutator devised by Blackman, with Ihdlt'nkolVer iub«‘H, 
was used. The whole a})paratus (amsisted of four parbu 

(1) A thermostat bath \vu.s maintaimal at a. tiuupnra- 
ture of to 85^0, In it woiaj ke{>t tiu' r<;Hpiratory 
chambers which were wide-mouthed glass jars covered with 
black cloth. The mouth was litted with a. rubbto'-stuppor 
carrying tsvo glass tubes bent at right angh^s — one coinx'cUod 
to air-commutator and the other to another hotiie llllod w iilk 
strong potassium hydroxide solution -to ahsorh carhoi! 
dioxide from the ingoing air-cur rent. 

(2) The air-coninmtator is so w(dl-!umwn that ii, 
hardly needs any description. It is a device by which liu^ 
respiratory current is automaticaiiy shifted oii <o tin' next 
PettcTikoffor tube after some fixed interval of tiuux 'rids 
inteiTal was three hours througliout this wnjrk. 
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(3) Then there were the Pettenkoffer tubes euch tiiled 
with 25 c.c. of baryta water of known strength with about 
40 o.c. of water to absorb the carbon dioxhio from the 
respiriitory ciirreiit which bubi)ied througii the solution. 

(4) The Pettenkoffer tubes were coiiiiecteil to an 
aspirator which dropped a,t a uniform rate, thUwS drawing in 
a, slow and constant current. 

The content of each Pettenkoffer tube was poured out 
after the regular respiratory current had passed through it 
and titrated with standardised hydrochloric acid. The 
amount of carbon dioxide absorbed was calculated from the 
difference in the quantity of the acid used to neutralise this 
and 25 c.c. of l)aryta directly. 

For sugar estimations a piece of the fruit was weighed 
out and tlien boiled in water to kill the enzymes. The piece 
was then crushed and the paste thorongldy mixed with the 
same water which wavS used to kill the enzymes. The whole 
mass was then filtered by means of a Buchner Funnel. 
Lead acetate was added to the filtrate for precipitating 
tannin. This was filtered and the extra amount of lead in 
the filtrate wuis got rid of by repeatedly passing hydrogen 
sulphide. The surplus amount of hydrogen sulphide was 
boiled off. The volume of the solution was measured and 
the amount of sugar was estimated by titrating against 
Pavy’s solution. For tlie estimation of disuecharides a 
known volume of the leaf extract was previously boiled with 
about le.c. of concentrated hydrochloric acid and then 
neutralised with sodium bicarbonate. The difference between 
the results obtained with hydrolised and iinhydrolised fruit- 
extracts multiplied by *95 gave the amount of disaccharides. 

In all seven exi)eriffients were done and all were run 
for 96 hours. For starting an experiment three fruits of 
approximately the same size and weight wnu’e chosen— one 
was washed with potassium permanganate solution and kept 
in the respiratory chamber for measurement of OOg output, 
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a second was kept in reserve in another h()iiie in sjun.e hath 
and connected directly to an aspirator aiHl thri nMiiaiainu' 
one was treated for sugar ostiiinaiioio I'he Hoeond aisgar 
estimation was made from the reserved i iaiii alt(?r -IH houra, 
and the third from the one kept in th(5 re.spiraiory (iliandM.rr 
after 90 hours, i.c., after the termination of the exjnudmeni. 

.EXPERIMENTS AND INDlViDUAI. RE(X')tM)S 

It will be advantageous to examine the individual 
records of each experiment before passing on to the gemu’al 
discussion of the results. For only a study of i!ie exp«?ri“ 
mental data will bring out tiie points to be dise.ussf»d. In all 
seven experiinents were done and the first sevtui graplis 
represent the result of each exp<^rimcnt. in ilu‘ lirst experi- 

Graph No. 1. 
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inent (Graph No. 1) the fruit was very small weighing duly 
119 gms. The 00^ output begins at .10 mgs. and gradually 
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comes down to lower than 4 mgs. The sugar content — 
botl] monosaccharides and disaccharides — is very small 
and does not show any appreciable falling off. 

The same condition of things obtains in the second 
graph, although here the initial rate of respiration is lower 
than in the previous case and the amounts of both disac" 
charides and monosaccharides have increased. 
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In the third graph the monosaccharides content has 
gone considerably up ; but not so the disaccharides 'which 
retain vcu'y much the same position they were in previously. 
Respiration begins at a lower rate from the very beginning, 
and goes on falling till after the sixtieth hour ’when it 
attains almost a constant rate. But contrary to the fall in 
CO 2 value that of sug-ar is not appreciable. 





Hours — — 


The same remarks apply to the fourth gniph (‘xee.pt 
for the fact that respiration heg-ius lower still jtnd that tiie 
monosacoharides value is higlier up, the disacchariiic's re- 
maining where they wuu’e before. 
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The same is the case in the next graph (No. 5) with 
tlie respiratory drift beginning lower still — almost so low 
that the GO 2 values constitute a line almost parallel to the 
horizontal. The monosaccharide content has gone up slightly 
more although the disaccharides remain stationary. 



Up till now the experiments done were mostly with green 
fruits which yield the same type of respiratory curve-— the 
GO a values being higher initially and coming down 
gradually. The sixth graph presents a different curve. In 
tills experiment the fruit, when introduced into the respi- 
ratory chamber^ was to all intents and purposes a green 
one with only a small sligiitly yellowish patch on one 
side. Accordingly the initial respiratory value is not 
in any way different from the oases already described. The 
CO 2 output comes down gradually for the first fifteen hours, 
then begins to rise, and forming a hump comes down 
towards the concluding hours to almost the same value as 
in the beginning. The maximum ascent occurs about the 
forty-eighth hour and remains almost constant till the sixty- 
P. 10 
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sixiii iiour nJioiK, raihi-r ahrupily. 

rUo yollowish patch luul cuiisiilcrahly iinav-jiHc,.! :uu! haid 
taken a, (icnpnr huo when lim fruit wan cxiuniniMt niu'r Uu' 
tNY(Mity-f()Ui‘tli hour. When HtMui alter tlie !’ori,v-ci;,--lu,h hour 



alnioat tiio whole fruit wuh rcddiHii yellow ant! aoi‘t aani 
velvety to touch, and reinaiiKai bo wiuui it was taken out 
after the conoluaion of the experiment. 

In accordance with the humped nalure of the rosfdra.' 
tory curve, the uionosaeciiainde content bIiowh a. corre- 
sponding rise and fall, hut the aimuHit of disaca'liarides 
remains constant. The rise in the respiratory rat(‘ enuses a. 
heavy drain on the simpler Bugars which are oxidised and 
therefore more of the polyaacediaridea must he hydruiyscai in 
order to keep pace with the accelerated oxidainni pnaaxss 
and tins may he the cause of its sudden iucia'CHe. 


Mgs per fO g'ms. , Mgs. Sugar per gram 
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A quite ripe fruit was emi)loyed in the seventh experi- 
liKuii. it was quite reddish-yellow at the time it was put 
G raph No. 7, 
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into the chamber. The GO >2 value begins at high level, 
remains almost constant for about twenty-seven hours, then 
falls and becomes rather parallel witli horizontal at about the 
sixtietii hour. Tlie amount of monosa(',cha, rides shows an 
appreciable descent corresponding to the res})iratory drift 
and so does also the disaccharide content but slightly. 

GENERAL DISCUSSION 

1 . Comparisoii of the CO 2 and sugar values. 

It has been seen previously that the 00 2 values begin 
at higher level and gradually come down except hi cases 
where factors connected with tlie ripening or the senescence 
of the fruit induence the respiratory drift- The descent 
of the respiratory curve probably implies stajwatiou. As 
in the detached fruit the store of substances to be utilised 
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in. inoi;i,holic prooo33 is rathor liniiiesl, to (MMititum n'si.urinp; 
at t;ho initial rate would moan u sptMsiy fu’ Um 

iiKir.orialR. A.i:id as simpler ati^^nirs ar(i l,ho Hul»si:i,n('o.s (frdi- 
.uurily usoJ. i,tt osidativo procesHoa, a l»i,i 4 ’i>. rospintLory ruLo 
would ualiurally load to a rapid liydrolysiH of i'oo 
carhuiiyilrates. Tiio drain on ilie liniitod siuro syoiilil 
make its consequeiico felt and tlunad’oro roHidraiory rate 
would necessarily come down. Tims the i 4 Tadu.nI fa, 11 of the 
the CO 2 output from the inithil vaduos indicates this a,(Ja,ptioii 
to changed conditions of oxidative materials in time and 
the almost constant rate tlmt follows it synchronises with 
physiological balance betwcam higher caa’hohyd rates to simple 
sugars and their conseaim'-nt oxidation. 

Now, as reducing sugars are utilized in rospi ration, the 
amount of such sugars lost during a certain tiirn^ should givt^ 
an indication of 00 » evolved. Ihit the amount of OO^ cal- 
culated from the qmuitity of sugtir lost during mich e.xperi" 
inent fails far short of that of the (3()g ac-iually givc'.n out, 
except in experiment No. 7. Himilarly, the loss in calculated 
amount of sugar from tin.! actual (pia,ntit,v ol (JO., evolvoil 
during ea.cli experiment is far in excess of tlu^ observed loss 
of sugar. The following table (No. I) will make, it dear : 

TAlVIiB i 


■ 

Total amount 

Calculated 

Tutu! amount 

(laioiilate<l 

IQxperi- 

ol' sugar lost 

amount of Mtga,r 

of C(.)„ given 

amount of 

lijeut 

per gratn of 

per griun of 

out per gram ol 

CO., p(U' grain 

No, 

material from 

material from 

mati'Miil irom 

of material 


observation. 

COg given out. 

obMirviition 

iVom loss of 
sugar. 

1 

6 Mgs, 

I2.'8l Mgs. 

IS'?;) Mgs 1 

H'H Mgs. 

•n; ,, 

:i 

V 

12’84 „ 

18*1 

H 


10-Ub „ 1 

lo’Of) 

H'H „ 

4 

4 

! 9*«5 „ 

14*15 

■ 5*2 

f) 

(! 

6 » , 

D’dt) „ ; 

ibcH 

H'H ” 

10 „ 

1570 „ 

1 2808 

14*0 „ 

7 

22 , 

16*42 „ 

22'{y?. 
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This Riioinaly is e-Nplained by the constant hydrolysis 
of tiie hif.si'her to lower carbohydrates, and thus <(oo(l 

the loss of the latter by respiratioa. 

2. The drift from the g-reen to the senescent phase. 

The initial respiratory and monosaccharide and disac- 
charide Yaliies of all the experiment are plotted in the 
following graph (No. 8). The Yarioiis ciirYos have been 
correlated to the age of the fruit, in the following woiy : 

The age of the fruit with which the first experiment was 
started is taken to he zero. It becomes then easy to represent 
the age on the abscissa as the number of days that separate 
two consecutive experiments is known. It •will be seen that 
the respiratory drift begins at a high level with the green 
and immature fruit. It gradually descends throughout the 


G raph No. 8. 



period the fruit remains green but ascends al>out and at the 
time of ripening. While on the other hand, from the immature 



Mgs COj per iO grms. Mgs. Sugar per gram. 
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to t!n‘ s(Miosce;nt phase tlu^ moTioH;u',(!hari<l(‘ vahu* roDlinfU's io 
up inul tlie disaCMiharitles hicunisi'. (or sonu‘ i nne taut 
iluiu renuiia constant. Tluit the (J0;> output continues to '»■!! 
(iowii otuJ the luonoaaccluuudes .tp) on ac.cuinulatm,u’ is Ht.rnujp^ 
ill vi('w of the (Vict that t!ie latter are the chi(it matiu-iaJs 'uh(h! 
in la^Hpiration. The possible explaiijiiioti would prohahiy 
come from what Blackman and Parija havi' aptly termini as 
“ orgnuisation re8istanco”---the protoplasmic muitrol over 
the metaholio flux. Or, it may he that some oilier interna! 
factor, probably the respiratory enzymes, is limiting' ; or the 
various products of the biochemical reactions within the 
maturing’ fruit act a.a depressant. It may he that these 

OraphNo. 1). 



together hold the oxidative process in eheck, or tiiai singly 
liuiy arc of varying importance at one or other phase of the 
ontogeny of the fruit. At the time of ripening the riMspira- 
tory drift once again goes up, T\m is as Blaekman 
and Parija suppose due to the lowering of orgunisaiion, 



Mgs. Sugar per iO grins. Ratio,- 
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resists, lice or the lowering of protoplasmic grip over the 
metabolic reactions. The same condition of things may be 
seen in. graph No* 9 where, instead of the initial data as in 
the previous (lase, the average values of tlie carbon dioxide 
and disaccharide and monosaccharide contents of each 
experiment are plotted. 

3- The ratio and the respiratory drift 

In the following graph (Nog 10) the average COg 
values and tlie mean ratio have been plotted. 

Both the respiratory and ratio curves correspond with each 
other — the latter like the former starting high gradually 
comes down and then ascends. When respiration is high 


Graph No. 10. 



more of simpler sugars should be present than the higher 
ones and. so the ratio is high in the beginning and towards 
the ripening phase of the fruit. Between these two the 
.ratio varies according as the respiration is high or low. 
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THE ALLA HA BAD IINlVEllKlTY KTilUi 
ftUMiVlAHY 

1. A Btiiidy of tljo ro8|)ini.l-iofi and inoiiosacM-lnu'id;' um\ 
(liHacudiiii'ido <T>ntonf,s of iiio fniii of ('a,ritt;i, papaya (rsiiU ilu* 
immature f^Toon to the Heiieactmt plmsi! iian heoii undoriakcMs. 

2. The respiratory drift is in the. immature jyrtMoi 
stag’e, gTiidiuilIy falls during' the mature gretm am! rises 

again ill the senescent phase. 

3. The monosaceliarido content is low in the ixyginning 
and rises gradually throughout the niature green and sime- 
scent phases. 

4. The disaccliaride content is very low at hi’si, risi^s 
for some time and then venuiins constant. 

5. 'Ihm ratio follows closely the r(‘Hpi’- 

ratory drift. 

I must thank Di'. lianjan for his kind help and 
critieisim 
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L INTRODUCTION 

The present problem, suggested by Professor Bhatta- 
charya, was undertaken with a view to verify the observa- 
tions recorded on tlie same animal by Hogbcn (36), Y. Nath 
and P. Mohan (55), and to ascertain if the follicle cells 
contributed any of their Golgi contents to the developing 
oocyte. 

The believers in the “ Golgi” infiltration theory, advocat- 
ed I)y Professor Bhattacharya and his pupils and Dr. Bram- 
boll, aim at bringing to light the fact that the egg receivers a 

* Thesis submitted in lien of two papers for the M.Sc. degree. 
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froBh (|U()ta of Grolgi eleiueuts frotn the lollHiio ooIIk in the 
snanner described in this R^d '.m in ih(‘ (utsc <d ilu* 

nutr'anil; iiiatorials of Wahleyer (70) and Loyi'y: (dO), si, 
jM)SRil)!y ini|)Orta,nt piiysiologicai rule is lumig playiul, Isy 
these bodies during ii,ie dovalopmont of tln^ egg. 

'Fo elucidate the true nature of tlie eytoplasiuie, iindir 
sions during oogenesis, Intra-Vitani obaGrYsd’ions i)y ir<^sh 
cover-slips preparations were also resorted to and the results 
of the fixed preparations were confirmed by these Intra-Vitam 
observations. Botii the meiliods having heen tried, the 
confirmatory observations have been recorded liero. The 
experiments have been carried out la'p^xitodly and the 
figures that are given a.t the end of tliis paper represent 
typical appearances for oiich stage. 

Here I take the o[>portunity of ex|)ressing’ my deep 
sense of gratitude to Professor Bhattacharya, under whose 
guidance this work was ca,rried out. 

2. rithivroijs WORK 

Hoglfcn (’20) in liis studies oit synopsis (d(>) describes 
the formation of a!l)uminouR yolk in tlio oosp'iiesiH of 
Periplaneta americana. from nucleolar extrusioiiH. Lie 
describes two kinds of nucleolar extrusions. In the oogonia. 
the nucleolus is in the form of plasmosome whieJi in (cudy 
oocytes omits minute deeply staining particles in the 
cytoplasm which migrate to the peripluu'y of th(^ oocyti' 
where they are either ejected or transformed into some 
material no longer distinguishable from the ground cytuplaum 
itself. When this has completely ceased, at a ce-rtain {.K)iid 
which has a definite relation to the deposition of yolk 
the plasmosome loses its opacity and becomes va<‘Uola.ied. 
At a later stage these vacuoles become granuhir and acfiiure 
a more chromatic form. The vacuolar bodies within ilu^ 
plasmosome are cast out and make their wa.y through the 
nucleolar membrane to the periphery of the egg. As these 
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intraniicloolar bodies which may he termed deutosomes 
are dischorged, new vacuoles appear within the plasmosome^ 
until the deposition of yolk in the oeriphery of the egg is 
oearirig completion. B^ogben has simply noted tlie presence 
of mitochondria without assigning to them any function 
So far as tin? Gofgi bodies and tlieir relation to the process 
of vitellogenesis are concerned he does not make even a 
passing mention about them. 

V. Nath and P. Mohan in their work on oogenesis of 
Periplaneta arnericana (55) are in substantial agreement 
with the observations of Hogben so far as the nucleolar 
activity is concerned. These workers like Hog“ben only 
make mention of mitoohondria and state that there is nothing 
interesting about mitochondria. Unlike Hog-ben they have 
studied the Golgi bodies and their relations to the process 
of vitellogenesis in the production of fatty yolk bodies. They 
have also described certain “ bactorioids” wiiich always He at 
the periphery of the egg. 

Very recently (Jan. ’HI) Gresson has pub iis lied a paper 
on yolk formation in Periplaneta orientalis (32). In this 
work no mention of mitochondria is made at all. Golgi 
vesicles are said to give rise to fatty yolk bodies, and in neutral- 
red prepara, tion during intra-vitam observations are said to 
api)ear as non-stained vacuoles developing an osmiophilic 
rim on introducing a few drops of 2 per cent osmic acid 
under the cover slip. Albuminous yolk is said to arise from 
the nucleolar {extrusions, two types of which have been 
described. The nucleoli of the early oocytes are said to be 
amphiphilic or slightly basophil giving out nucleolar extru- 
sions wliicli are strongly basophil. These disappear, 
prol)ahly dissolve in the ooplasm. Their substance at a 
later stage probably contributes in some way towards yolk 
fornsation. The second type which appears later is also 
baBophil. H’heso bemome vacuolated and underg^o fragmenta- 
tion to font! small dark granules. These are dissolved in 
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the cytoplasm and their substance is Haid to lorm cleju* 
vesicles which increase greatly in. size ami form l:h<' alhunti' 
nous yolk globules. 

Thus these obseiwations are in gemu’ii! ngrec'uu'iii, with 
those of Hogbeii ; V. Nath and Alohao on Ihu'ipiatuha 
amoricana. Gresson, like Y. Nath and i.‘. .Mohan, furtiier 
describes “ Bacterioids ” in the ooplasm at t!u‘ p«'riphory 
of the older oocytes. He also states that the oocyte nuchn, 
nucleoli, and nucleolar extrusions are devoid of chromatin. 

a MATBRIAI^ and 

Qdie material for tln^ study of the cytoplasmic inolusionB 
in the oogenesis of Periplaneta ainericana Tjinn consisted 
of ovaries from young specimens. In the fcimilc a pair of 
ovaries are situated in tl.ic hinder part of tln^ abdomen below 
the intestine and end)odded in fat and iiacmocoelic packing 
tissue lying on their surfacon Each ovary consists of oiglit 
threads which show an anterior ta, poring and beaded 
appearance due to a row of ova. Each Ix'ad conbiiim om^ 
ovum. The eight threads of ova, ry are attached by means 
of a terminal filament to the wall of the body laivity anterior- 
ly. The size of the ovaria.u threads and tin* luaidn ([(Spends 
upon tlio maturity of the female. In a full grown I’muah*, 
specimen they are of conspicuously hirg(^ siz(^ grmmish or 
brownish in appearance. 

The specimens were killed by severing the head ([uickly 
by means of a pair of scissors. Great care. wa,8 takoti 
to lose as little time as possible between the killing of the 
specimen and the subsequent fixing of th(‘. ovaries, to avoid 
as far as possible any post-mortem changes. 

Nearly all the female specimens dissected in the first 
instalment in August and September wove w(fii grow.fi 
mature females. As a result of this, early siag(\s of eggs 
were difficult to got. But the females from the sc^cond 
instalments in January possessed ovaric^s whicii wore not 
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111 11 . v(‘ry iiflvaiK'Pi'l stiigo oC development, and all the 
rii’dit down from the oogonial to the fairly advanced oocyh' 
could eayily he found. Thia iiuplica tiiat the months of 
Sepiemher and October are the breodinic: seasons of I; Ik'hc 
animals. Satisfactory results slio wing* the early stages of 
th(‘ oogmiesis were naturally obtained from th<' matcrinl 
obtaiiH'd in winter. 

The following fixatives were used : 

For the demonstration of Golgi bodies — DaFa no’s cobalt 
nitrate forrnol method and Lndford’s latest method of tin* 
modified Manu-Kopaclrs corrosive oainic fixative, were found 
to be vei'y satisfactory in bringing out the desired results. 

In silver fixatives both toned a, ml untoned prepai-ations 
were maib*. This process of toning which consists in treating 
tile sections with :i per cent gold chloride solution was intro- 
duced first by Golgi in 1908. In this process tiie reduced 
silver is r('placed liy gold while the excess of unstable silver 
still present in t;lie seetions is dissolved out. I’Ih* slides are 
tlum i.iamted with 5 per cent sodium hyposulphite solution. 
This fixes the sulistituted gold, and dissolves out the remain- 
ing uiistahh' silver. Tlio slides were sta.ine<l with Iron- 
hanmatoxylin and Gatenby’s safra.nin (satnraled solution of 
sa,franin iu aniline water and in alisoliite alcohol in tlie 
ratio 1: 1) and light green stains. 

In osmic fixatives both bleaclied and unhleaclied prepa- 
rations W(U'(^ made. Tiie process of bleaching consists in 
oxidising simtions to such a point that the gcjicral precipita- 
tion of osmic acid iu the cytoplasmio back ground is rcmiovcd 
without serious loss of colour from the more blackened 
Golgi bodies. This process was first introduced by Veratti 
in ihOB. The hleaching* was done by Hennegny’s imd'hod 
by (unploying 1 per cent KMn 04 solution and the slides were 
then trcnitod with 4 per cent oxalic a(‘id to remove all iruci's 
of oxidising reagent —K.Mn 04 . The seetions were as usual 
stained in i ron-haematoxylin and Champy-Kull tri{de stain 
■■■ F. 12 
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(5 per CGiit acid Fuclisin, *25 per (U'lit Tehiidin blue, 
*5 per cent alcoholic Aurantia and absolute alcohol). 

For the denionsiraiion of initoe.hondria. riiodllied 
formula of Ohainpy-NasHanoW; l{eg'a.ud-d’'ui)jiA Hiiid and 
Itegmid’s foriiiol hichrouuito method, w(u*e the j)r{H*eHKes 
employed, (leiieraliy speaking ail of them were found 
to be very successful giving very satisfactory and con- 
vincing results. 

Charapy-Nassanow’s method and Regaud-Tupa’s fluid, 
however, might specially be emphasised as giving excellent 
results. In Ciiampy-Nassanow fluid l)otli kinds of yolk 
bodies were very nicely fixed besides mitochondria. 

After Regaud’fl fixation post-chroming is necessary 
l)ecause l:>y soaking tissues in K. 2 Cr 207 one produces 
Btainable compoutids of cell protein and lipoids 
wliich may not he easily dissolved out by alcohols, and 
clearing oils. 

Bonin’s picro-formol and Garnoy’s fluid were emj)l()yed 
to study and demonstrate th(‘ luicloolar extrusions. 

Tlie sections were stained with Iron-lunuuatoxylin and 
Mann’s methyl blue eosine. The la,tt(‘r stain [)roved su<!cess- 
ful in so far as it left the cytoplasm clear without bringing 
about its granular structure. 

All the stock solutiona of tln^ reugenis wuu’t' fiM^shly 
prepared with scrupulous cleanliness and tlui fixatives wore 
prepared only when needed. 

For the Intra-Vitam examination neutral-red, Jatius 
green B and 2 per cent osmic acid were employed. Keutra,!- 
red and Janus green B were freslily pr{i])ared 24 hours 
before use and kept for ripening at 35®C. 

A few female specimens were fed with neutral-red 
mixed with cheese and also with some syrup phiccd on tim 
slices of bread. Such speoinions were found not to live* 
long. The neutral-red feeding apparently seemed to have no 
effect on the ovaries. 
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4. OBSBRYATIONS 
( A) Intra- Vilam Examination , — Ovaries were taken out 
jind placed in very dilute neutraJ-red solution (four drops of 
the stock solution added to 50 c.c. of physiological salt 
solution) for about 20 niiniites. They were then examined 
under oil immersion lens and strong’ ligiit, in a young' 
oocyte a patch of pink-coloured body was observed near the 
nucleus (Fig’. 30, V). This patch, it was observed, consisted 
of about five to six small separate vacuoles which apparently 
had run together. These bodies were recognized as Parat’s 
vacuorae or Gatenby’s vacuoles. In a slightly older oocyte 
two such smaller patches of vaciiome were observed. In 
young’ oocytes these pink-coloured vacuome occupy a 
juxta-niiclear position (Fig. 31, YNV) which in tlie fixed prepa- 
rations is occupied by the Golgi bodies and mitochondria 
forming tlie yolk-imoleus of TJalbiani. In the next stage 
tlie nund> 0 r of vacuome increaacjd .and discrete individual 
vacuome were also siam in addition to the 1% patches of 
vacuome. In later stages the number of vanuome increases 
and in tlio older oocytes they arc found to be uniforndy 
distributed (Fig. 32, Y, Y'). In addition to these pink-colour- 
ed vacuome some unstained refractory bodies were also 
found. Th(^s(? bodies, on the introduction of two per* cent 
osmie acid under the c.ovru* slip, showed a black I'im around 
a colourless core after about ton minutes (Fig. 33, FYB.); 
tiiese wci'c identified, as the fatty yolk bodies. Distinct 
Golgi bodies also appeared in close proximity to the areas 
occupied by vacuome. The Golgi bodies had cleai*ly vesicu- 
lar structure with osmiophilic rim and central osmiopholde 
area. Some of the Golgi bodies were also crescent-sliapod. 
I could not, somehow, meet with crescentic Golgi bodies in 
tbc! fixed preparations. Neither Hogben, nor V. Nath and 
P. Mohan, or Gresson has observed vacuome on staining 
the rrmterial with neutral-red. Moreover, the latter two 
observers have also not seen crescentic Golgi bodies about 
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the existence of Nvhieii no doubt exists in tiie pi-osent ca.se. 
Accoixlin^’ to Y. Nath suclr crescentic forms are artifacts 
duo to the im[)i'opor osmie impregnation or optica! sections. 
But if this is so, at no tluic do the crescentic (Joigi bodies 
disappe.ar howsoever long t!ic osmication is continued. 
Ihiiike V. Nhitli and P. Mohan, I do not find (lolgi bodies 
stained with neutral-red. 

Fresh oYa.i'ios were also treated with two per cent osinic 
aeid oniy for about 20 minutes and were examined. Ores- 
cenr-siiiiiicd and vesicular Golgi bodies appeared clearly 
(Fig. 34, C. G. B. & V. G. B.). This confirmed the previous 
observations tliat tlie crescentic forms are not the artifacts 
as a. matter of partial impregnation but they do really exist 
as such. Fatty yolk bodies appeared as highly refractory 
bodies. The distribution of Golgi bodies as seen in the 
Intra-Yitani observations further confirmed my conclusions 
arrived at by the aid of fixed preparations. Their distribu- 
tion also agreed with tiie distribution of vacuome already 
stated. This led me to the conclusion that the vacuoine are 
intinmte associates of the Golgi elements. This has been shown 
by^latenby (24) and others in a number of cases. In the 
oogonial stages, wbicii were observed in the terminal filament 
of tiie ovarian thread two or three distinct Golgi granules 
were smm lying in the vicinity of the nucleus. 

Fi't'sh ovaries were also treated wdth Janus green B 
solution (4 dro[)s of stock solution added to 50 c.c. of 
physiological salt solution) for about 10 minutes to sec 
mitochondria. They appeared as dust— like granules stained 
green (Figp 35 M). At the periphery of the oocyte and near 
tbo nucleus, baton-shaped mitochondria xvere also observed 
and some of them xvere even seen breaking up into small 
granules to form fine dust like granular mitochondria of the 
advanced oocyte. . None of the previous workers lias made 
use of this vital dye for the demonstration of mitochondria. 
Bresson— as has already been mentioned— does not even 
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inention initoehoiidria in his observations on this animal- 

1 have not ])een able to see the breaking up oF baton-shaped 
mitochondria in my fixed preparations- In the sa?ne prepa- 
ration were also observed some refractory bodies. These 
were identified as albuminous yolk bodies whicli do not take 
either of the two vital dyes. Their distribution agreed with 
that observed in the fixed preparations. After about 20 
nnnutes, one striking thing attracteti attention. Some vesicular 
bodies began to appear in the same preparation in the places 
occupied by the Golgi bodies as seen in the fixed prepara- 
tions and by the Intra-Yitarn examination of tlie oocytes in 

2 per cent , osmic acid. These were recognised as the Golgi 
bodies (Fig. 36, G. B.). It is a well-known fact that Golgi 
l:)odie8 come into view after prolonged treatment with Janus 
green B. Bacterioids were also noted in the fresh pre- 
parations. They are very numerous and are situated at the 
periphery of the ovum. 

(B) Fixed Prep(iraiions> — GoU/l Bodies^— in an oogonium 
there are seen in the DaFano prepai'atioiis stained with 
safranin liglifc green two or three giaimilar Golgi bodies in 
tlie cytoplasm which is almost clear and homogeuGoiis 
(Fig. I, G. B.). At this stage the nuclens occupies almost the 
entire space of the oogonium. As this oogonium develops to 
form an early oocyte the cytoplasm near tbenuideus carrying 
the Golgi Imclies becomes dense and is ditfei'entiated into a 
juxta-nuclear a-rea called the “Ahilk-riucious oF Balbiani” or 
simply the “ Yolk-nucleus” of D’JJollandcr, Gafcenby, Bhatta- 
charya, and otiiers (Figs. 3 & 9, YN.). This dense area takes 
stain more readily standing in sharp contrast to the rest of 
the cyto]}lasm of the oocyte. In the subsequent stages it 
acts as a foens of growth and dispersal of tire Golgi bodies. 
It is very difficult to make out the exact shape and nature 
of the Golgi bodies in this area due to their being clcseiv 
packed o.{> and sometimes due to the extreme lilackening 
by silver nitrate or osmic acid impregnations. In a 
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slightly aclYaneed oocyte (Fig. 10) a peculiar and an luiiisual 
featui'e presents itself. Here two jiixta-niiciear aggregations 
of Oolgi bodies lying on opposite sides may be seen. 
Whether both of these originate independently or the 
second is a part of the older specialised area (Yolk-Tmcleus) 
it is difficult to say in the absence of any intermediate stages. 
Brambell (12) in the fowl has described several such areas 
in an oocyte of a six weeks old chick and describes them as 
an abnormal arrangement of the Golgi bodies. This peculiar 
feature has also been observed in the oogenesis of Calotes 
versicolar by Dutta and Asana (16) in this Laboratory. 
This stage is followed by a dispersal stage when the Golgi 
bodies become irregularly distributed in the cytoplasm either 
singly or in patches (Figs. 4, 5, 11 & 12, G. B.), By now 
the process of fatty yolk formation is fairly advanced. By 
bleaching the slides carefully it is possible to distinguish 
between the fatty yolk and the Golgi bodies. It has been 
found that a regular process of infiltration of the Golgi 
bodies from the follicular epithelium cells to the cortical region 
of the oocyte has been going on (Fig. 13, INF). The Golgi 
bodies from the follicular epithelium cells are transported to 
the periphery of the oocyte. The cell membranes of the 
follicular ceils are very fine and delicate and offer no great 
resistance to the Golgi bodies in their infiltering process. In 
this case, however, the process of infiltration does not take 
place through any special area such as canalicular process 
in the zona radiata as described by Bhattacharya (3), in 
tortoises and reptiles (6) and certain other animals (2) and 
by Has in birds (18). The process is akin to that 
described by Brambell (12) in Gallus bankiva in which 
case the infiltration takes place before the formation of 
“zona pellucida.” 

The Golgi bodies settle down in the cortical region and 
form big lumps. Whether these lumps are the result of 
, Golgi granules running together due to the influence of the 
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fixatives or as a result of their growth, I am unable to tell. 
These ])odies, however, in good preparations give an idea 
tliat the former alternative is moi'e probable, in the very 
advanced oocyte the G olgi bodies are generally distributed 
almost uniformly all over the ooplasm (Figs. 6 & 12). Hero 
the fatty yolk formation is at its zenith and the egg is full 
of fatty yolk bodies. It appears that the majority of the 
Golgi bodies has been used up in the formation of fatty 
yolk. The remaining ones probably break up and become 
ultra-microscopic and appear to play no part in the subse- 
quent development of the oocyte. 

Mitochondria . — In an oogonium in which nucleus 
occupies almost an. entire area three or four mitochondrial 
granules are seen in the vicinity of the nucleus (Fig. 15, M.). 
In an early oocyte the mitochondria appear to lie in the 
juxta-miolear arcboplasmic area (Fig. IG, T.N.), in the same 
manner as the Golgi bodies do. I am inclined to think 
that both of these cytoplasmic inclusions — Golgi bodies and 
mitochondria — in the early stage of the development of an 
oocyte occupy the same area known as the “idiosoine,” 
or the “ Yolk-nucleus of Balbiani,” or “ arcboplasmic area,’' 
which functions as the focus of growth and dispersal for 
the G olgi bodies as well as for the mitochondria. The 
idiosoine area disappears and along with it the dispersal 
of mitochondria takes place. They become distributed in 
the ooplasm either singly or in patclies forming mitochon- 
drial clouds (Figs. 19 & 23, M.). They have a pronounced 
tendency to become arranged in a fasliion forming a iraclear 
cap (Figs. 17 & 24, N. C. M.). In addition to fine dust-like 
granular mitochondria, baton-shaped mitochondria are also 
found in the cytoplasm (Fig. 18, B. S. M.). In the liighly 
advanced oocyte tlu? mitochondria are distributed through- 
out th(^ cytoplasm and patches of mitochondria are 
distinctly visible (Fig. 25). The albuminous yolk bodies 
begin to make their appearance from the stage Avhen the 
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iiiitochoTulria form a nuclear cap. Sometimes the mitoclion- 
(Iria seem to run together and form a lump or they may 
swell up individually (Figs. 19 & 25, S. M.) and become trans“ 
formed into yolk bodies. In a, still later stage the 
chondrial patclies disappear and the mitochondria are evenly 
distributed throughout the ooplasm (Figs. 18 & 25, M.). 

Nucleolar Extrusions . — There ai*e no ti’uces of tlu' 
nucleolar extrusions— at least in the solid form. This is 
very clearly demonstrated by Bouin preparations stained 
by Mann’s methyl blue eosine (Fig. 29). As such they do 
not make any visible contribution towards vitellogenesis. 
The same thing was further confirmed by examining tlu^ 
Champy-'N'assanow preparations (Figs. 24, 25, 26). Material 
fixed in Carnoy’s lioid also confirmed the same observations 
after staining by Mann’s methyl blue eosine (Fig. 14). The 
nucleus, however, besides a prominent nucleolus contains 
a number of small nucleoli and a certain amount of cbroina- 
tin: but none of these is ever seen to come out of the 
nuclear membrane in the cytoplasm at any stage of develop- 
ment of the oocyte. All these structures are strongly 
chromophilic. The nucleolar extrusions in the liquid form, 
may, however, exist. 

Yolh Bodies . — Two kinds of yolk bodies are distinctly 
visible— ('0 Fatty yolk bodies, (w) Albuminous yolk bodies. 
The former are more easily blackened by osmic acid and 
so also more readily bleached than the Golgi bodies. Tins 
fatty yolk of Golgi origin can be distinguished from tlu^ 
ordinary fat droplets which are easily extractable in tur- 
pentine whereas the fatty yolk bodies are more resistible. 
They leave behind them a dark rim even after they have 
been completely bleached. This rim is the remnant of the 
osmiophilic Golgi element. In the Liidford preparations 
the fatty yolk bodies are seen to make their appearance 
with the establishment of the yolk nucleus. The dispersal 
of the Golgi bodies and their accumulation in patches in the 
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cytoplasm are accompanied by the formation of tatty yolk 
in these areas. With the dispersal of the G-olgi bodies 
throughout the cytoplasm fatty yolk bodies appear to fill up 
practically the entire cytoplasm (Figs. 4, 6, 11 & 12, F.'Y.B.). 
On close examination under the oil immersion lens it is 
found that these fatty yolk droplets undergo development 
in close association with the Oolgi bodies. It is, however, 
difficult to say whether the Grolgi bodies undergo direct 
transformation into fatty yolk bodies by drawing in the 
necessary requisites for their growth from the surrounding- 
cytoplasm or whether in some indirect way they contribute 
towards the formation of these fatty yolk bodies. The fact 
that the G olgi bodies are solely responsible for the formation 
of “ fatty droplets ” (Ludford) or “ fatty yolk ” (Glatenby, V. 
Nath, and Bliattacharya) is borne out by tlie facts {i) that 
they (fatty yolk bodies) begin to make their appearance 
pari passu with the growth and dispersal of the Golgi bodies 
from the idiosome area, and (n) that the G olgi bodies dis- 
appear from the view as the fatty yolk bodies are being 
fully formed. 

Albuminoua yolk bodies are apparently few. They 
make their appearance at a stage when the yolk-nucleus 
of Balbiani disappears and the fatty yolk is fairly well 
established. I could make out two methods of the formation 
of Albuminous yolk — (i) A process of direct metamorphosis 
of the mitochondria. In this case the granular initoohon- 
dria swell up in size by the absorption of the necessary 
materials from the cytoplasm (Figs. 18, 19, 25, S.M.) and 
ultimately give rise to the albuminous yolk spheres (Figs. 19, 
25, A.B.Y.). (il) A process in which a mitochondriuni 
swells up to a larger size than its normal one and is encircled 
by a vesicle arising in the cytoplasm. Growth proceeds 
inside the vesicle in the usual manner by the absorption 
of necessary material from the cytoplasm (Fig. 25, A.B.Y.). 
The yolk body thus formed seems to lie in a sort of vacuole. 
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I could not see any trace of cytoplasmic yolk formation 
under the influence of mitochondria which has been de- 
scribed by Bhattacharya and Lai 1 (3), and Bhattacharya and 
Alaflmr (4). The former authors state that when fully 
formed there is no way of distinguishing between the 
mitochondrial yolk and the cytoplasmic yolk as both of these 
follow the same fixing and staining reactions. Thus the 
only criterion to determine the presence of cytoplasmic 
yolk would be the formation of yolk yesicle under the 
influence of the smaller granular mitochondria which would 
surround such a vesicle and in the middle of which yolk 
would be deposited. In the absence of such definitive 
stages in my preparations it becomes difficult to distinguisli 
clearly between the albuminous yolk of mitochondrial 
origin and that of the cytoplasmic origin. 

(0) Centrifuged Material — The ovaries of cockroach 
were centrifuged in the physiological salt solution immedia- 
tely after being removed from the body of the animal. 
Curiously enough in this animal centrifuging for three 
hours at the rate of 3,000 revolutions per minute had no 
effect at all on the disposition of the cytoplasmic inclusions. 
The centrifuging was, therefore, prolonged to five hours in 
another experiment wmrking at the velocity of 3,000 revolu- 
tions per minute. Here also, though the cytoplasmic inclu- 
sions were affected by the centrifugal force, the results 
obtained were not ideal. The centrifuged material jafter 
five hours’ treatment was fixed in DaFano and Champy- 
Nassanow fluids. The usual technique was followed. 
Figure 27 shows the G-olgi bodies accumulated at one pole, 
and a few of them distributed at the periphery of the 
oocyte. The mitochondria are accumulated at the opposite 
— tlie inner or centripetal — pole of the oocyte with clouds 
forming a perinuclear ring of mitochondria. The nucleus 
migrates more to the centrifugal or outer pole from the 
centre of the oocyte. In the Chamy preparation of the 
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same inatorial (Fig. 28) the albuminous yolk bodies occupy 
the outer or centrifugal pole. Below these are seen fatty 
yolk bodies. Then tliere is the nucleus and mitocliondria 
all accumulated to the centripetal pole. The (dolgi bodies 
are distributed at random between the yolk bodies of 
both the types. 

Lyon (43) in 1907 and his successors found that when 
the animal eggs are centrifuged the cytoplasmic inclusions 
are dislocated and are grouped in parallel strata at right 
angles to the direction of force. The number and relative 
bulk of these strata vary considerably with the nature of 
the cytoplasmic components. Clenerally, there are three or 
four such strata. Their order of succession being, of course, 
determined by their specific gravity. In general, the yolk 
granules— the heaviest of the inclusions —collect at the outer 
or centrifugal pole, fatty substances apparently including 
many of the mitochondria at the inner or centripetal pole, 
while the main bulk of clear substance largely hyaloplasm 
forms a central zone in which lies the nucleus. 

5. DISCUSSION 

Golgi Bodies. —-The earliest stage of egg contained two 
or three granular Golgi bodies. These Golgi bodies at this 
stage arc so minute that it is really very difficult to make 
out their exact morphology. But on a very careful examina- 
tion they can be made out as being vesicular bodies having 
a chromophiiic rim and a hollow chromophobic area- 
Gatenby (’19) was the first to show the complex nature of 
Golgi dictyosomo composed of chromophiiic and ebromopho- 
bic areas (26). The G-olgi bodies having such structure 
have been described in a number of vertebrate and inver- 
tel)rate animals by various observers such as V. Nath in 
.Piieritima. (51), Leech, Culex (50), Spider (49), by V, Nath 
and Mehta in Liieiola (54), by "V- Nath and P. Mohan in 
cockroach (55), by Gresson in certain saw-flies of the family 
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tenthridinidae (31), and cockroach (32), by Sharga in earth- 
worm (66), by Hai in Oyster (65), by Hill in Dephnia. In 
vertebrates the vesicular nature of the G-olgi bodies has 
been described by P. R. Bhattaeharya in fishes (7), and 
house Oeko (8), by Prof. Bhattaeharya in reptiles (6), and 
iiromastrix, by Datta and Asana in Calotes (16), by 
Bhattaeharya and Lai in tortoises (3), and by Dr. Das in 
pigeon (18). 

Various forms such as rod-shaped granules (Brambell), 
curved rods (Ludford), crescentic forms (Lepidosome of 
Parat and Dictyosome of Gratenby) and a number of others 
have been attributed to the Grolgi bodies. 

Originally Camillo Grolgi described the apparatus that 
goes after his name as the “ Apparato reticolare interne ” 
meaning thereby that it has a reticular structure. Harvey 
and Y. Nath have criticised all these forms as artifacts 
resulting by one of the following reasons. The curved rods 
or baton-shaped may either represent optical sections of 
spheres, or may possibly be due to the incomplete impregna- 
tion of the rim of Grolgi vesicles. Granules have widely 
been accepted as resulting from the excessive osmication 
or silver impregnation. Wliatever their form the Golgi 
bodies ultimately form vacuolai* structures or become 
associated with such structures. It has been clearly demons- 
trated that rod-shaped Golgi granules in Helix (Brambell 
1 1) are metamorphosed directly into vacuoles containing fat. 
Thus a rod-shaped granule is apparently converted into a 
vacuole. Curved Golgi rods in Patella (Ludford 40) are 
said to give rise to vacuoles from their archoplasm which 
soon break on the completion of the metamorphosis of the 
archoplasm into a vacuole. And sometimes the curved 
Golgi rods are also directly metamorphosed into yolk 
vacuoles. Moreover, Gatenby in his work on the Golgi 
apparatus and vacuolar system of Cavia, Helix, l.braxas, 
by Intra-Yital methods (24) suggests that the differences in 



PERIPLANETA AMERICANA LINN 


101 


the production of vacuoles by Grolgi bodies are only apparent 
and hence unreal. For in conclusion he also states that 
there exists in the animal cells a vacuole or a system 
of vacuoles primitively associated with and probably 
produced by the argentophil cortex of the (xolgi appara- 
tus. In the egg the vacuoles are closely related to 
the chromophilic substance of the Grolgi apparatus which 
condenses in them small substances such as fat, lipin and 
zymogen (in glands). Such vesicular Grolgi bodies would 
according to Parat correspond with his vacuome and the 
intensely osmicated or argentophil portion which would 
sometimes form the crescent-shaped Giolgi body — dictyosome 
— would correspond with his Lepidosome — modified mito- 
chondria. I have no doubt, however, that these forms are 
true G-olgi bodies. At least so far as this animal is 
concerned it is difficult to raaiutain Parat’s statement 
that the dictyosomes are the modified mitochondria, «.e., 
Lepidoaomes, as all the tests that are applicable to the 
Golgi bodies have been used with success in this case. 

Subsequently the Golgi vesicles groAv in number and 
size and begin to distribute. My observations differ from 
those of V. Nath and P. Mohan in Periplaneta americana so 
far as the distribution phases of the Golgi bodies are concern- 
ed. They observe three phases in the distribution— (i) cir- 
ciinmuclear ring, (ii) peripheral arrangement, (iii) uniform 
distribution. They also differed from Gresson (32) who 
agrees with the former workers in all essentials about the 
distribution of the Golgi bodies. I do not see these succes- 
sive stages distinctly. After the breaking up of the yolk- 
nncleiis of Balbiani, which has not even been mentioned 
either by Y. Nath and P. AIohan (55) or by Gresson (32), 
the Golgi bodies begin to distribute without any circurn- 
nuclcar or peripheral migrations. They do not also distribute 
unifonnly until the very advanced oocyte stage is reached 
ill which the wdiole of the oocyte is packed full of yolk bodies 
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(Fig'S. Band 12, F.y.B.) leaving only a few (lolgi bodies 
liore and there. These may be said to be unifoniily dis- 
trii)iitGd otherwise their distribution in the oocyte is in 
groups and these form the G-olgi patches. This distribution 
in patches is noteworthy and as such there should be sonic 
hesitation in attributing to them straight on a uniform 
dispersal. 

During the development of the oocyte the follicular 
epithelium plays an important part at a certain stage, which 
has escaped the attention of the previous workers— V. Nath, 
P. Mohan and Grresson. A process of emigration of Golgi 
bodies from the follicnlar epithelium to the egg can be readily 
made out (Fig. 13, INF). The Golgi bodies do not pass 
through any definite passage as has been described by 
Bhattacharya (6) ; and Dr. Das (18) ; but in a haphazard 
manner described by Brambell (12). As I have worked 
with a large number of ovaries repeatedly I presume that 
the chances of artifacts are totally eliminated. Since these 
grannies are indistinguishable from the original Golgi bodies 
of the oocyte and since they react to the fixatives in the 
same way as the Golgi bodies do inside the oocyte I infer 
tli'at they must be identical bodies. What r6Ie these extra- 
neous Golgi bodies might play in the pliysiological develop- 
ment of the egg I am unable to say at present. 

The idea that granules could pass from the follicular 
epithelium into yolk of the egg is not a new one. Waldeyer 
(70) and Loyez (39) and a number of other authors admitted 
that granules pass from tlie follicular ceils to the egg. Loyez 
slates that the rdle of the large follicle cells in reptiles is 
to provide substances for the yolk formation to the egg, 
and that these substances that pass by way of canaliculi 
like prolongations may be fluids, semi-fluids, or granules. 
Thus tlie idea that Golgi bodies are extruded in tlie same way 
into the egg could easily be believed. Bhattacharya (’25) was 
the first to show that such a phenomenon actually exists (6). 
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Braiiibell (12) mentions that the apparatus in tlie 
follicular cells divides into two, only one-half being extruded 
into the oocyte. Whereas I findthatfairlylargeiiuinber 
of granules assemble at the bases of the cells at a stage 
preparatory to their infiltration through the membrane. 
This is the period of intensive activity in the follicular 
epithelium layer of cells. The Golgi bodies now extrude 
from the cells of the follicular epithelium and are deposited 
in the cortical region of the oocyte. To my knowledge no 
infiltration of the Golgi bodies from the follicular epithelium 
cells has been so far described in invertebrates and as such 
it needs more critical study than I have been able to pursue. 

The Golgi bodies in the subsequent development grow 
in size and give rise to fatty yolk. It is not possible to say 
at what stage of swelling and deposition of fat inside their 
interior the Golgi vesicles should be called fatty yolk bodies. 
In the Ludford preparation treated with turpentine (for 
18 hours), which dissolves fatty yolk, the egg appears frothy 
due to the empty yolk vacuoles. The non-fatty Golgi vesicles 
which, appear as solid spheres before now appear distinctly 
hollow with the characteristic osmiophilic rim and the central 
osmiophobic area. Bouin preparations (Fig. 29) also show the 
frothy appearance of the advanced oocyte due to the fatty 
contents being washed out by the acetic acid of the fixative. 

In the oocytes centrifuged for five hours at 3,000 revo- 
lutions per minute the Golgi bodies occupy the upper or 
centriiiigai pole and a few of them are also distributed at 
the periphery of the oocyte (Fig. 27, G. B.). It appears from 
this that the assortment of the Golgi bodies has taken 
place in two directions— (i) in the centrifugal, and (ii) in the 
peripheral direction. 

In the intra-vitain examination unlike all the previous 
workers I find Golgi vesicles in the oocytes treated with 
Janus green B for about 20 minutes. I also find crescent- 
shaped Golgi vesicles in the intra-vitam observations which 
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I could not, somehow, meet with in the fixed preparations. 
My intra-vitam observations differ from those of V. Nath 
and P. Mohan, and are in agreement with those of Gresson 
so far as I do not see Golgi bodies stained with neutral-red. 

Wilson has stated that in the ova of certain Hymenop- 
tera (ants), Orthoptera (cockroaches) and Lepidoptera 
there are rod-like and rounded bodies, sometimes present 
in great number, dividing by fission, and variously known 
as “ bacterioids ” or “intracellular symbionts.” Blochmann 
{^84, ’87) who first observed these baoterioid forms in Blatta 
and Periplaneta found that in their earlier stages the 
oocytes are free from these bodies but are later infected 
with them from the surrounding cells. Lately these have 
also been isolated and cultivated by Glaser (’30) who states 
that the penetration of the egg by these bacterioids occurs 
after oviposition (30). V. Nath and P. Mohan and Gresson 
have found these forms always lying at the periphery of 
the egg which according to the former set of observers 
obscure in sections the inner membrane of the follicular 
epithelium. I have also noted the presence of these bac- 
terioids lying at the periphery of an ovum in large numbers 
arranged in a regular manner. 

Mitochondria * — Broadly speaking mitochondria are 
generally described as vesicular, baton-shaped, cup-shaped, 
filamentar or thread-like. Prominently hollow vesicular 
mitochondria have been described in male germ cells 
of scorpion by Y. Nath (46). Marked difference in 
the size and the shape of mitochondria of male and female 
germ cells has been observed by Gatenby in Paludina 
vivipara. Filamentar mitochondria have been described in 
Emys lutaria by Bulliard ; Bhattaoharya and Lai (3) in 
tortoises; Bhattaoharya and Mathur (4) in Pila globosa. 
In Colurnba intermedia cup-like dense clouds of mitochondria 
have been described by Dr. Das (18), P. R. Bhattaoharya 
describes baton-shaped mitochondria in house Gecko (8). 
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The term mitochondria was invented by Benda and 
the granules now designated by this name were by ourlioi’ 
observers described as “ inicrosomes.” Benda applied this 
term to tlie granules in the sperm forming cells that were 
long ago described as “ cytoraicrosomes ” by La Valette 
St. Georges (’86). 

In the animal under observation I find spherical gran- 
ules of mitochondria, rarely baton-shaped. The.y are very 
fine dust-like granules far less numerous in early stages. 
In a little later stage they increase in number and form 
mitochondrial cloud of yolk-nucleus in the juxta-nuclear 
archoplasmic or idiozomic area (Fig. 16, Y.N.). In an 
advanced oocyte they form a cap-like investment (Fig. 17, 
N. C. M.) at one pole of the nucleus. This is succeeded by a 
stage in a fairly advanced oocyte in which the mitochondria 
disperse and become distributed in patches (Figs. 19 & 23, M.). 
I have not been able to find a perinuclear ring of mitochondria 
described by V. Nath and P. Mohan (55) in Periplaneta 
americana. Gresson does not even make mention of these 
bodies, pjhattacharya in reptiles and Brain bell in fowl have 
described a very striking perinuclear ring and medullary zone 
of mitochondria respectively. None of these stages I have 
been able to find in this animal. In an advanced oocyte 
mitochondria, become very numerous, certainly by multiply- 
ing in some way or other which I have not been able to see 
in the fixed preparation. The growth of mitochondria from 
a very small grannie to a fairly large swollen body is easy 
to follow with all the intermediate stages that are available. 
The mitochondria of the advanced oocytes ultimately 
metamorphose into the mitochondrial yolk bodies. 

In the centrifuged egg (Figs. 27 & 28, M.) mitochondria 
are always seen to occupy the lower or centripetal pole with 
clouds forming a perinuclear ring of mitochondria. 

In the intra-vitam observation they are stained brilliantly 
green by Janus green B diluted as already stated. All the 
F. 14 
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stages of dispersal that are observed in the fixed preparations 
are confirmed by the intra-vitam observations. None of 
the previous workers has attempted to observe mitochondria 
by intra-vitam examination. 

My observations so far as the mitochondria in the 
oogenesis of this animal are concerned differ from those 
of V. Nath and P. Mohan in several matters of detail. 
These workers considered them as being of no particular 
interest. Whereas the fact that they definitely give rise 
to albuminous yolk makes them a very prominent 
and important cytoplasmic inclusion. In spider V. Nath (49) 
has described mitochondria as taking a fine red stain 
after treatment with neutral-red. I have great doubt 
if the neutral-red which is specific for vacuome only 
in an intra-vitam examination would stain anything but 
vacuome. The probabilities are that he might have 
confused neutral-red precipitations with the mitochondrial 
granules. 

Nucleolar Exlrttsions . — Hogben (36); V. Nath and P. 
Mohan (55) and Gresson (32) working on Peri plan eta 
americana and P. Orientalis respectively have laid great 
stress on the existence of the nucleolar extrusions and their 
relation to the formation of albuminous yolk during the 
vitellogenesis. The account given by these authors is no doubt 
very interesting. They describe twm successions in the nucleo- 
lar extrusions. The products of the first activity, they 
state, disappear and are absorbed in the ground cytoplasm. 
The products of the second series of activity are of funda- 
mental importance as they contribute towards the formation 
of albuminous yolk. The chromatic nucleus loses its 
opacity and develops vacuoles inside it, and gives rise to 
extrusions. These extrusions pass out througli the nuclear 
membrane in the ooplasm and again become vacuolated in 
their turn like the mother nucleolus. These later on increase 
in number by breaking up and give rise to a third and final 
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series of bodies similar to them in all respects. These final 
extrusions are responsible for the production of albuminous 
yolk. These bodies, according to them, migrate to the 
periphery of the egg. This migration is due, according to 
V. Nath and P. Mohan, to the fact that the nutrient fluids 
flow to the egg from outside through the follicular epithelium 
cells and thus the periphery of the egg is, therefore, the 
most favourable place w^here the nucleolar extrusions can 
grow. These extrusions are directly metamorphosed into 
albuminous yolk bodies. This is in vshort the whole history 
of the nucleolar extrusions and their ultimate fate in the 
production of albuminous yolk described by the previous 
workers, (xresson has studied the phenomenon in greater 
detail ; in addition he has also studied the colour reactions 
of the nucleolar extrusions. 

My material in spite of repeated experiments and obser- 
vations failed to show any nucleolar extrusions. I made a 
very thorough search to see anything like that described by 
the previous workers, but all to no purpose. I find no 
evidence of nucleolar extrusions through the nuclear mem- 
brane. Figures 14, 26 and 29 will show that there area few 
more bodies in the karyoplasm besides the nucleolus. But 
none of these is ever seen to come out as extrusions through 
the nuclear membrane. Bouin preparations stained with 
Iron-haematoxylin show very clearly granular nature of 
cytoplasm. To avoid every possibility of confusion between 
the gramular cytoplasm and the nucleolar extrusions, if 
there be any, I stained Bouin preparations with Mann’s 
methyl blue cosine only (Fig. 29) which did not bring out 
the cytoplasm as a granular ground substance but showed 
its more or less liomogeneous structure with a beautifully 
stained nucleus and nucleoli. I failed to find any nucleolar 
extrusions even with this method. In order to confirm my 
results further I finally used Carnoy’s fluid and stained the 
preparations with Mann s methyl blue eosine (Fig. 14) but 
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the result was again the same. I want, therefore, to state 
that my observations fundamentally differ from those of the 
previous workers in this respect. I have come to the con- 
clusion that there are no nucleolar extrusions in this animal 
at least in the solid form. If there be any they might be in 
the liquid foimi or highly granular. 

V. Nath has described the nucleolar extrusions giving 
rise to albuminous yolk in a number of other animals such as 
Euscorpius,Buthus (46), Luciola [V. Nath and. Mehta (54)] ; 
Lithobius by V. Nath and by King ; in Scolopendra [V. Nath 
and Husain (53)]. Gatenby (’22) "was the first to show 
clearly the exact relatiojiship between the nucleolus and the 
process of vitellogenesis in the case of Saccocirrus (22). 
In this form he demonstrated the origin of albuminous 
yolk from the nucleolar extrusions directly. Nucleolar 
extrusions have been described in the case of Patella 
(Ludford 40); Limnoea, Helix and Patella (Gatenby and 
his pupils) ; tortoises (3), and molluscs (4) (.Bhattacliarya 
and his pupils) and in certain saw-flies of the family Ten- 
tiiridinidm by Gresson (31) they have also been described to 
give rise to fatty yolk bodies in Loris (N. Kao, 71). 

Yolh —Brainbell has described four kinds of 

yolk bodies in oogenesis. He calls them — (i) Golgi yolk, 
{ii) mitochondrial yolk, (in) cytoplasmic yolk, and (iv) the 
yolk formed by the nucleolar extrusions- These four kinds 
of yolk bodies may be classed into twm groups according to 
tlieir chemical nature, (i) tliose formed by Golgi bodies, and 
generally accepted as fatty yolk bodies, and (ll) those formed 
by mitochondria, cytoplasm, nucleolar extrusions or some- 
times even by Golgi bodies and generally regarded ns 
albuminous or proteid yolk bodies. Gatenby and Y. Nath 
gave out for the first time the suggestion that there are 
essentially two kinds of yolk bodies in the oogenesis 
(0 fatty yolk bodies, and (ii) albuminous yolk bodies* Later 
on Y. Nath in a series of papers has been emphasising the 
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fact that the fatty yolk bodies are essentially the products 
of the activity of G-olgi bodies derived from them directly 
or indirectly. Instances are not wanting where the fatty 
yolk is formed from the direct or indirect activity of the 
G olgi bodies, e.g.^ Gatenby has described the same thing’ 
in Saccocirrus (22), Y. Nath and King in Lithobius ; 
Y. Nath in Jnliis, Palamnoens (46) ; Gulex (50) ; Spider (49) ; 
Luciola (54); Gresson in P. Orientalis (32) ; Brambell in 
Helix and Patella (11) ; Hirschler in Giona and Bhattacharya 
and Parat in Ciona intestinalis (63) ; King in Oniscus asellus 
(38) and by Hibbard in Discoglossus (35). A number of 
other workers in different animals have described similar 
results. The idea is not a new one, for both Gatenby and 
Ludford had described previously the formation of yolk of a 
fatty nature from Golgi bodies. The same thing has also 
been described in this Laboratory by Dr. Das (18), 
Bliattacharya and his pupils (3 and 4), Dutta and Asana 
(16). I have also found the same thing in the present 
work. Gatenby, Woodger, Ludford and Brambell have 
described in Patella tlie indirect origin of fatty yolk from 
the Golgi bodies. The difference in the origin of fatty yolk 
docs not in any way detract from the work of Gatenby and 
Ills pupils, who showed, for the first time, that the Golgi 
elements play some part in vitellogenesis. Gatenby himself 
pointed out that re-investigation of this foimi (Patella) in 
view of Parat’s claim might yield interesting results. 

In the pr(‘,sent case my observations are in complete 
agreement with those of Y. Nath and P. Mohan on Peri- 
piaiieta americana and Gresson on P. orientalis so far as 
the origin and nature of the fatty yolk are concerned, 
i believe that the Golgi vesicles grow in size and 
dejjosit fat in their osmiophobic vesicles. It is difficult 
to say exactly at what stage the swollen Golgi vesicles 
should he called fatty yolk spheres. These bodies in 
an advanced oocyte if decolourised in turpentine appear as 
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clear vacuoles leaving behind them a fine black rim. The 
Golgi vesicles, however, resist the action of turpentine and 
it is the core only which can be bleached out. The fact 
that fatty yolk bodies cannot be mistaken for fat vacuoles is 
proved thus: («) that they are not easily decolourised in 
turpentine as fat vacuoles generally are, and (ii) when they 
are decolourised they appear still to leave a fine black rim 
which is reminiscent of their Golgi origin. 

In the centrifuged egg (Fig. 28, F.Y.B.) the fatty yolk 
occupies the centrifugal pole below the strata of albuminous 
yolk bodies which forms the first and an outermost strata. 
In between these fatty yolk bodies are scattered Golgi bodies 
in different stages of their development. 

In the intra-vitam observations fatty yolk bodies are 
seen as highly refractory bodies in the neutral-red prepara- 
tions, with their rim deep black and the interior core rather 
greyish in two per cent osmic acid preparations. 

So far as the formation of the albuminous yolk is 
concerned my observations differ from those of all the 
previous workers on cockroach in every minute detail. 
They attribute the origin of albuminous yolk to the nucleolar 
extrusions which are directly transformed into albuminous 
yolk bodies. I find that the albuminous yolk in this animal, 
in view of the total absence of nucleolar extrusions, is 
entirely derived from the mitochondria. There are, in my 
opinion, two ways by wliich the albuminous yolk appears. 
In one case the mitochondria grow in size (Figs. 18, 19, 25, 
S. M.) either singly or in an aggregate. They swell up to 
form pretty big masses which get directly metamorphosed 
into the albuminous yolk bodies (Figs. 19, 23, 25, A-B.Y.). 
In the second case, a vesicle in the cytoplasm gets formed 
and at the centre of this vesicle is lodged a single mito- 
chondrium or a number of such very fine dust-like bodies 
(Fig. 25, A.B.Y.) which grow in size by swelling and elabo- 
rate the yolk material inside the vacuole. But this is very 
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rare. More generally the albuminous yolk is formed by 
the direct metamorphosis of the swollen mitochondria. The 
previous workers on cockroach are of the opinion that 
mitochondria do not at all play any r61e in the oogenesis 
much less in the elaboration of the albuminous yolk. 

In the centrifuged material (Fig. 28, A.'Y.B.) the 
albuminous yolk bodies occupy the extreme periphery of the 
centrifugal pole. In the intra-vitam examination they 
appear as solid refractory bodies in the material treated with 
Janus green B. 

In this Laboratory, mitochondrial origin of albuminous 
yolk has been described by Bhattacharya and Lai (3) in 
tortoises ; Bhattacharya and Mathur (4) in Pila globoso ; 
Dutta and Asaiia (16) in Calotes, and by Das (18) in birds. 
Elsewliere the same thing has been described by Brambell 
(12) in fowl ; by King (38) in Oniscus asellus ; by Hirscliler 
in Ciona ; by Parat and Bhattacharya (63). In certain 
cases the origin of albuminous yolk is attributed neither to 
mitochondria nor to the nucleolar extrusions. In such cases 
it is said to be elaborated by cytoplasm. Such cases have 
been described by Ludford (40) ; V. Nath (49) ; by (latenby 
and bis pupils in Limnoea, Helix and Patella. Harvey in 
Carciiius (34) and Hibbard in the vertebrate Pygosteus and 
Discoglossiis have described the origin of albuminous yolk 
from the G-olgi bodies- In the latter two cases such Golgi 
vacuoles are described by Hibbard to be stainable with the 
neutral-red. Such Golgi bodies if compared with those that 
are not stained by the neutral-red and which give rise to 
fatty yolk, suggest that there might be some chemical 
difference in the nature of these two types of Golgi bodies. 

6. SUMMARY 

1. The oogenesis of the Periplaneta americaiia has been 
studied both by intra-vitam examination and fixed prei)ara- 
tions. 
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2. In the oocytes treated with dilute neutral-red for 
a!)out 20 minutes the vacuome is tinged red and gradually 
becomes prominent. 

In the earliest oocytes there are one or two patches of 
vacuome Gonsistiog of about 5 or 6 discrete vacuome. With 
the growth of the oocyte these patches increase in number 
and are uniformly distributed throughout tiie oocyte. In the 
advanced oocyte separate discrete vacuome are also clearly 
visible among the large and prominent patches of vacuome. 

3. The Grolgi vacuoles are not stained by neutral- 
red and appear as refractory bodies which on the introduetion 
of 2 per cent osmic acid under the cover slip clearly show 
the osmiophilic rim around a colourless core, 

4. In the oocyte treated only with 2 per cent osmic 
acid for about 20 minutes the vesicular Grolgi bodies with 
chromophilic rim and chromophobic core are clearly seen. 
There are also some crescent-shaped Cxolgi bodies. 

in the youngest oocyte the Golgi bodies aggregate in a 
juxta-nuclear position forming yolk-nucleus of Balbiani. From 
now onwards they distribute in cytoplasm in patches. 

5. With the growth of the oocyte the Golgi bodies 
grow in size and begin to deposit fat in their central core, 
and become converted into fatty yolk bodies. 

Precisely similar stages of the Golgi bodies were 
observed in tiie fixed preparations. 

6. Golgi bodies are also derived from the follicular 
epithelium cells of the oocyte by a process known as the 
“infiltration of the Golgi bodies” into the oocyte. 

7. In the oocytes treated with a dilute solution of 
Janus green B for about 10 minutes the mitochondria are 
seen as fine granular bodies. There are some baton- 
shaped mitochondria also, some of which may be seen 
breaking into granular mitochondria. 

In the youngest oocyte they are aggregated in tlu^. 
juxta-nuclear position to form the yolk-nucleus of Balbiani. 
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In advanced oocytes they are distributed in patches ; and 
ultimately they get evenly distributed in the cytoplasm as 
granular bodies. 

8. Mitochondria, like fxolgi bodies, swell up and direct- 
ly give rise to albuminous yolk which in the iutra-vitam 
examination is seen to be less refractory than the fatty yolk 
bodies and is slightly tinged with Janus green B, 

Sometimes a single mitochondriam or a few granules 
are surrounded by a cytoplasmic vacuole where they grow in 
size by swelling and give rise to albuminous yolk. 

Precisely similar stages of mitochondria were observed 
in the fixed preparations. 

9. There is no evidence of nucleolar extrusions in the 
solid form. 

10. The presence of bacterioids was also noted liotli 
in fixed and fresh pi’eparations. They are in a very large 
number arranged at the periphery of the ovum almost 
regularly. 

11. Centrifuge experiments gave the usual results. 

12. After a prolonged treatment of the fresh ovary 
with Janus green B (for over 20 mimitos) Colgi bodiet^ 
appear in the intra-vitam examination. 


LETTERING 


A. Y. B. 

... Albuniinoiis yolk body. 

B. S. M. 

... Baton-shaped mitochondria. 

B. S. -M. ! 
divi. J 

... Baton-shaped mitochondria dividins?. 

0. G. B. 

... Orescent-shaped Golgi body. 

E. M. 

... Egg membrane. 

E. 

... Pollioular epithelium. 

P. Y. B. 

... Patty yolk body. 

P. Y. V. 

... Patty yolk vacuole. 

G. B. 

... Golgi body. 

G. Y. 

... Golgi yolk. 

I. N. F, 

Infiltration of Golgi bodies. 

M. 

... Mitoohnndriu, 


W. 15 
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N. 

. Nucleus, 

N. 0. M. . 

. Mitochondrial nap of nucleus. 

Nu. 

. Nucleolus. 

S. G. B. . 

. Swollen Golgi body. 

S. M. 

.. Swollen mitochondria. 

V. 

Patch of vacuorae. 

V'. 

. Small discrete vacuome. 

V. G. B. . 

Vesicular Golgi body. 

Y. N. 

.. Yolk-nuoleus. 

Y. N. V. , 

.. Patch of Vacuome at the yolk-nucleus. 


EXPLANATION OP FIGURES 

{All the figures have been drawn with the help of Camera luoida.) 

Figs. 1 to 0. Da Pano. Safranin light green. 

Bhg. 1 , An oogonium showing three Golgi granules. 

„ 2. An early oocyte showing Golgi granules. 

„ 3. An early oocyte showing the yolk-nucleus of Balbiani. 

„ 4, An advanced oocyte showing the distribution of Golgi 
bodies and formation of fatty yolk bodies. 

„ 5. An advanced oocyte, later stage, showing the distribu- 
tion of Golgi bodies in patches, the fatty contents of tlie 
Patty yolk vacuoles have dropped out. 

,, 6. Highly advanced oocyie packed full with yolk vacuoles. 
The Golgi bodies are scattered in between the yolk 
vacuoles. 

Figs, 7 to 13. Ludford. Ohampy-Kull. 

fhg. 7. An oogonium showing four Golgi granules. 

„ 8. An early oocyte showing Golgi granules. 

,, 9. An early oocyte showing the yolk-nucleus of Balbiani. 

„ lO. An advanced oocyte showing two juxta-nudear 
aggregations of Golgi bodies. 

„ 11. An advanced oocyte showing the distribution of 
vesicular and granular Golgi bodies in patches, and 
fatty yolk formation. 

,, 12. Highly advanced oocyte packed full with fatty yolk 
vacuoles. Golgi bodies are scattered in between the 
yolk vacuoles. 

„ 1 3. A portion of the wall of an oocyte showing tlie infiltration 
of Golgi bodies (INF) through the folHeular epithelium 
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Pig. 14, Carnoy. Mann’s methyl blue. A group of three oocytes 
showing prominent nuclei and nucleoli. The tiomogene- 
ous ground cytoplasm is represented by the grey baok- 
groimd of the paper. There are a few more bodies be- 
sides the proper nucleolus in the nuclei, none of these 
bodies is seen to come out as the nucleolar extrusions. 

F’igs. 15 to 19. Reg'aud. Iron-haematoxylin. 

Pig. 15. An oogonium showing two or three granular mitochondria. 

,, 16. An early oocyte showing the jiixta-iiuolear arrangement 
of mitochondria forming the yolk-nuoleus of Balbiani. 

„ 17. An advanced oocyte showing the nuclear cap of mito- 
chondria, N. 0. M. 

,, 18. All advanced oocyte showing the distribution ofmifcoohoh- 
dria, with a few baton-shaped and swollen mitochondria. 
B. B. M., S. M. 

,, 19. An advanced oocyte, later stage, .showing the distribution 
of mitochondria in patches, and formation of albuminous 
yolk by the direct metamorphosis of the swollen 
mitochondria. 

b'igs. 20 to 23. Regaud-Tupu, Champy-Kull. 

Ifigs. 20 1 Jtjarly oocytes with granular mitocliondria distributed 

„ 21 i in the ooplasm. 

,, 22 ' 

,, 23. An advanced oocyte showing granular, swollen and 
baton-shaped mitochondria, and tlie formation of albu- 
minous yolk by the direct metamorphosis of the swollen 
mitochondria. 

Figs, 24 to 26. Ohampy-Massauow. Champy-Kull. 

Bhg. 24. An oocyte with nuclear cap of mitoohondria. 

„ 25. An advanced oocyte showing swollen mitoohondria. 

At places the swollen mitochondria are surrounded by 
a oytoplasmio vesicle in which they grow and meta- 
morphose into an albuminous yolk body. 

„ 26. A chain of five highly advanced oocytes showing 

all)urainous yolk bodies at the periphery, mitochondria 
are distributed in the ooplasm. There are also seen 
fatty yolk vacuoles. 

Pig. 27. DaFaiio safranin light green. 

A centrifuged oocyte showing the upper layer of Golgi 
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bodies which are also distributed allround the peri- 
phery of the oocyte. Then there is a mioleus with mito- 
chondria forming a perinuclear ring the tnajority of 
which are aocurnnlated towards the centripetal pole. 
A few Golgi bodies are also seen among the mitochon- 
drial aggregation. 

28. OIuimpy-Nassanow. Ohampy-Kiill, 

A centrifuged oocyte showing the upper layer of albu- 
minous yolk bodies followed by layer of fatty yolk bodies. 
In between these are scattered the Golgi bodies. 
Then there is a nucleus and below are mitochondria 
forming a nuclear cap. 

29. Bouin. Mann’s methyl blue eosine.' 

A group of four oocytes showing the granular cytoplasm 
with fatty yolk vacuoles. The contents of which have 
been washed out. In the nucleus there are a few more 
bodies besides the nucleolus, but none of these is seen 
coming out as nucleolar extrusions. 

oO to 33. BTesh oocytes treated with neutral-red for 
twenty minutes. 

3U, An early oocyte with a patch of vaouome consisting of 
5 or 6 discrete vacuome. 

31. The jiixta-nuclear arrangement of vaouome. 

32. The distribution of vaouome patches and discrete 
vaouome. Fatty yolk bodies are seen as refractory 
bodies non-stained. 

33. Showing the relation of the Golgi bodies with the 
vacuome. The rnateriul is treated with 2 per cent osmio 
acid after the neutral-red treatment. Patty yolk bodies 
develop the osmiophilio rim of Golgi element. Golgi 
bodies also make their appearance in close oonoeotion 
with the vacuome. 

34. Fresh oocyte treated only with 2 per cent osmio acid for 
twenty minutes showing Granular, Vesicular and 
crescentic Golgi bodies distributed throughout the 
oocyte. The fatty yolk bodies are seen as highly 
refractory bodies with osmiophilio rim. 

35. Fresh oocyte treated with Janus green B for ten minutes. 
Showing grahular and baton-shaped mitochondria. The 
latter are also seen breaking. The albuminous yolk 
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bodies are seen as refractory bodies, slightly tinged 
wiiili tlie Janus green B. 

Fig. 36, TIig same after twenty minutes. Showing Golgi bodies 
in addition to the previous inclusions. 
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INTRODUCTION 

Tlie occurrence of Golgi bodies in some, tic. and germ cells 
has become an established fact owing to tlie researches of 
cytologists during tlie last thirty years. In 1925, (1) the 
senior author (1). K. B.) and Brambell were able to demonstrate 
the occurrence of Golgi l)odies in the erythrocytes of reptiles and 
birds. No further work of importance seems to haye been 
done in this direction since then e.xcept by Dawson (5) who 
has studied the reaction of Amphibian erythrocjytes to vital 
dyes. For throwing further light on the siihjec;t, a number of 
fishes of different species were examined by us and all possible 
precautionary measures were taken in order to avoid artifacts. 
The best results were obtained by Ludford’s modification of 
Mami-Kopsch terdinique (6). Da Fano’s silver method (5) was 
tried a,H well but duo to poor fixation the results were not very 
satisfactory. In both cases it was noticed that Golgi bodies 
were present n,s discrete elements scattered in the cytoplasm of 
the erythrocytes of Ophiocephalus piinctatus, which was 
studied in particular (Figs. 1-— 9). The Golgi bodies are 
aplierical in shape and occasionally Me in a juxta- nuclear 
position (Figs. 1, 2, 4 and 9). ■ In some red blood-cells they 
appear to be plastered, as it were, around the nuclear membrane. 
In all cases the Golgi bodies are very minute and grantilar in 
size and are visible only under very high magnifications. 
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DISCUSSION 

Since the discovery of Golgi apparatus by the Italian 
neurologist Golgi in 1898, this cell component has been describ- 
ed in nearly all categories of cells. Cowdry in 1914 (3) 
demonstrated the occurrence of mitochondria by vital staining 
methods but felt sceptic about the presence of Golgi bodies 
in erythrocytes. It was with a view to fill up this gap that 
Bhattacharya and Brambell described the presence of Golgi 
bodies in reptiles and birds and suggested that In view of the 
phylogenetic relationships existing between the Saraupsida 
and the other classes it seems probable that Golgi bodies will 
be found to occur not only in the nucleated red-blood corpuscles 
of the fishes and amphibians, but also in the non-nucleated 
red-blood corpuscles of the mammals, at least in some stages 
of their development.” The present work is intended to 
supplement the knowledge gained by the works of the above- 
mentioned authors. The fishes differ from the Saraupsida in 
that the Golgi bodies lie generally scattered throughout the 
cytoplasm in a diffused condition and in much larger numbers. 
The ground cytoplasm of the red blood-cell appears to be 
smooth and homogeneous as is also the ease in reptiles and 
birds. Eegarding the structure of the Golgi bodies little can 
be said because of their extremely minute size. They appear 
to be spherical but the chromophobic core can hardly be dis- 
tinguished from the chromophilic cortex a,s is the case in many 
somatic and germ cells. That they are not artifacts is de- 
monstrated by the fact that their presence was noted both by 
osmic and silver nitrate techniques. The slides were toned, 
washed and bleached, as the case may be, for varying lengths 
of time. The result in all cases was practically the same — thus 
proving without doubt that Golgi elements in granular form 
are present* in the erythrocytes of fishes either in a diffused 
condition throughout the cytoplasm or in a juxta-nuclear 
position as discrete elements or plastered around the nucleus 
in a perinuclear position. 
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ADDENDUM 

Since going to the press, a copy of a paper liy A. II J)iiw- 
son, on tiie reaction ofAirytiirocytes to vital dyes lias reached 
oor hands. The author concerns himself mostly to au (‘xa- 
minatioo of erythrocytes by vital staining methods and c,oU" 
chides that in vertebrate erythrocyte, the primary gra milt ‘s, 
the secondary granules and patterns of reticulum as rma'ak^d 
by vital dj^’es, are to be regarded as three separaie eniititjs 
which are not genetically related. Dornesijo and Steopoe 
(8 and 9) carried on vital staining experiments on certain 
fishes and have tried to prove tliat Golgi elements arid 
Vaeuome are homologous stiaietures in the erytlirocytes of 
fishes. Our position remains unaltered, for we hold with 
Gatenby, Bowen and otliers tliat what is revealed with the aid 
of osmic acid and silver salts by tlie classical methods are 
Golgi bodies and that neutral red may be specific for what are 
called vaeuome, but not for wliat are known as Golgi eleuKavis. 
The question of homology, therefore, does not seem to arise. 
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DESCRIPTION OF PLATE 1. 

The figures were drawn with the help of Camera Imida, 
LeitZi under oil immersion lens. 

Pigs, 1 — 7 — Liidford’s Osmio Teolinique, 

Fig. 1.— Side view of a red blood cell of Ophiocephalus piinota- 
tus showing a few Golgi bodies (GB) situated close 
to the nucleus. 

Fig. 2. — Same as figure 1. Surface view showing the perinu- 
clear arrangement of Golgi bodies. 

F’igs. 3 & 4, — Surface view of erythrocytes. In the latter 
j the Golgi bodies are arranged in a justa-nuclear 

li position. 

ij Pig. 5. — Side view of red blood-cell showing Golgi bodies 

:| plastered round the nuclear wall. 

I Pig, 6, — Surface view of Figure 5. 

j Fig. 7. — Surface view of a red blood-oell showing Golgi bodies 

j, scattered throughout the cytoplasm. 

, Figs. 8 & 9. — Da Pane’s silver method. 

: Surface view of two erythrocytes showing the Golgi granules 

situated close to the nucleus. 
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